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ABSTRACT 

A p r e v i o u s  memorandum by  t h e  a u t h o r  c o n s i d e r e d  t h e  
d e s i g n  o f  a minimum Mars Excursion Module (MEM) a s c e n t  a s t r o n a u t  
c a p s u l e  i n  which r e q u i r e d  payloads compr is ing  crew, s c i e n c e  pay- 
l o a d ,  subsystems and s t r u c t u r e  were d e r i v e d .  Approximately 7 0 0  
l b s  and 1,300 l b s  were e s t i m a t e d  f o r  one and two man a s c e n t  
c a p s u l e s ,  r e s p e c t i v e l y .  I n  t h i s  s t u d y ,  d e s i g n  o f  a MEM a s c e n t  
p r o p u l s i o n  v e h i c l e  t o  d e l i v e r  t h e  r e q u i r e d  pay loads  t o  o r b i t  
from t h e  s u r f a c e  o f  Mars i s  unde r t aken  w i t h  t h e  pr ime purpose  
o f  i d e n t i f y i n g  f r u i t f u l  a r e a s  o f  t e c h n o l o g i c a l  resea,rch and 
development needed f o r  e v a l u a t i o n  and s u p p o r t  o f  f u t u r e  program 
p l a n n i n g  o p t i o n s .  The s tudy i n c l u d e s  d e s i g n s  o f  b o t h  e a r t h  
s t o r a b l e  (Compound A/MHF-5) and space  s t o r a b l e  (FLOX/Methane) . 
p r o p u l s i o n  sys tems s i z e d  f o r  r e t u r n  t o  a h i g h l y  e l l i p t i c a l  Mars 
p a r k i n g  o r b i t .  

While t h e  e a r t h  s t o r a b l e s  o f f e r  s u p e r i o r  h a n d l i n g  
c h a r a c t e r i s t i c s ,  t h e  space  s t o r a b l e  p r o p e l l a n t s  o f f e r  lower 
v e h i c l e  weight  and s i n g l e  s t a g e  a s c e n t ,  v e r s u s  two s t a g e s  f o r  t h e  
e a r t h  s t o r a b l e s .  The a n a l y s e s  i n d i c a t e  no s e r i o u s  problems 
a s s o c i a t e d  w i t h  s t o r i n g  space  s t o r a b l e  p r o p e l l a n t s  i f  r e f r i g e r a -  
t i o n  i s  a v a i l a b l e  i n  t r a n s i t  to Mars. A t  l e a s t  two weeks s t o r a g e  
on t h e  s u r f a c e  of Mars i s  p o s s i b l e  wi thou t  a c t i v e  r e f r i g e r a t i o n .  
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ABSTRACT 

A previous memorandum by the author considered the 
design of a minimum Mars Excursion Module (MEM) ascent astronaut 
capsule in which required payloads comprising crew, science pay- 
load, subsystems and structure were derived. Approximately 700 
lbs and 1,300 lbs were estimated for one and two man ascent 
capsules, respectively. In this study, design of a MEM ascent 
propulsion vehicle to deliver the required payloads to orbit 
from the surface of Mars is undertaken with the prime purpose 
of identifying fruitful areas of technological research and 
development needed for evaluation and support of future program 
planning options. The study includes designs of both earth 
storable (Compound A/MHF-5) and space storable (FLOX/Methane) . 
propulsion systems sized for return to a highly elliptical Mars 
parking orbit. 

While the earth storables offer superior handling 
characteristics, the space storable propellants offer lower 
vehicle weight and single stage ascent, versus two stages for the 
earth storables. The analyses indicate no serious problems 
associated with storing space storable propellants if refrigera- 
tion is available in transit to Mars. At least two weeks storage 
on the surface of Mars is possible without active refrigeration. 

unmanned Mars surface sample return (MSSR) mission is briefly 
Commonality of the ascent propulsion vehicle with the 

assessed and found quite attractive. 
P 
rr, I "  
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TECHNICAL MEMORANDUM 

1 . 0  I N T R O D U C T I O N  

The achievement  o f  minimum Mars Excur s ion  Module (MEM) 
g r o s s  we igh t ,  as s u g g e s t e d  by s e n s i t i v i t y  . f a c t o r  s t u d i e s ,  i s  
c o n t i n g e n t  upon minimiz ing  a s c e n t  (Mars s u r f a c e  t o  o r b i t )  v e h i c l e  
we igh t .  When p o s s i b l e ,  t h e r e f o r e ,  subsys tems s h o u l d  be  l o c a t e d  
i n  t h e  d e s c e n t  s t age ,  and o p e r a t i o n a l  modes i n  a s s o c i a t i o n  w i t h  
t h e  p a r e n t  s p a c e c r a f t  j u d i c i o u s l y  s e l e c t e d  t o  p l a c e  weight  pen- 
a l t i e s  on t h e  s p a c e c r a f t ,  r a t h e r  t h a n  on t h e  a s c e n t  v e h i c l e  
i t s e l f .  

A p r e v i o u s  memorandum (Refe rence  1) c o n s i d e r e d  t h e  
d e s i g n  o f  a MEM a s c e n t  a s t r o n a u t  c a p s u l e ,  which f u l l y  u t i l i z e d  
t h i s  c o n c e p t u a l  approach  (F igu res  1 and 2 ) .  Requi red  pay loads  
( compr i s ing  crew,  s c i e n c e  payload ,  subsys t ems ,  and s t r u c t u r e )  
o f  approx ima te ly  700 l b s  and 1 ,300  l b s  were est imated f o r  one 
and two man v e h i c l e s ,  r e s p e c t i v e l y .  ( A l t e r n a t e l y ,  t h e  larger  
c a p s u l e  can b e  c o n s i d e r e d  as a one man v e h i c l e  w i t h  subs t an -  
t i a l l y  g rea te r  pay load  c a p a b i l i t y . )  I n  t h e  p r e s e n t  s t u d y ,  
d e s i g n  of MEM a s c e n t  p r o p u l s i o n  v e h i c l e s  t o  accommodate t h e  
p r e v i o u s l y  d e r i v e d  pay loads  i s  unde r t aken  w i t h  t h e  p r i m e  
pu rpose  of i d e n t i f y i n g  f r u i t f u l  areas o f  t e c h n o l o g i c a l  r e s e a r c h  
and development needed f o r  e v a l u a t i o n  and s u p p o r t  o f  f u t u r e  
program s t u d i e s . *  

The scope  o f  t h e  s t u d y  u n d e r t a k e s  t h e  d e s i g n  o f  b o t h  
e a r t h  s t o r a b l e  (Compound A/MHF-5) and s p a c e  s t o r a b l e  (FLOX/ 
Methane) p r o p u l s i o n  sys t ems  s ized  f o r  Mars s u r f a c e  r e t u r n  t o  a 
h i g h l y  e l l i p t i c a l  24 t o  48 h r  Mars p a r k i n g  o r b i t .  

The p r e l i m i n a r y  p o r t i o n  of  t h i s  memorandum d e s c r i b e s  
a m i s s i o n  p r o f i l e  from which g e n e r a l  ground r u l e s  are  i m p l i c i t l y  
d e r i v e d .  I n  t h e  e n s u i n g  s e c t i o n s  a l t e r n a t i v e  d e s i g n  and con- 
f i g u r a t i o n  concep t s  are cons ide red  and subsys tems e v a l u a t e d  

*S ince  t h e  a s t r o n a u t  uses  t h e  a s c e n t  c a p s u l e  on ly  d u r i n g  
d e s c e n t  and a s c e n t  (see S e c t i o n  2 . 0 )  t h e  a s c e n t  c a p s u l e  weight 
i s  b a s i c a l l y  independen t  o f  s u r f a c e  s t a y t i m e .  T h e r e f o r e ,  a s c e n t  
and l anded  p a y l o a d s  may be  cons ide red  e s s e n t i a l l y  decoupled;  
and d e s c e n t  pay load  may b e  s i z e d  i n d e p e n d e n t l y  f o r  v a r y i n g  s t a y -  
t i m e  and m i s s i o n  r e q u i r e m e n t s .  
do n o t  impose a f i x e d  m i s s i o n  payload c a p a b i l i t y .  

I n  t h i s  c o n t e x t  a s c e n t  s y s t e m s  
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on a n  i t e m  by i tem basis.  P r o p e l l a n t  s t o r a g e  c o n s t r a i n t s  i m -  
posed by  t h e  wide gamut of miss ion  envi ronments  are e x p l o r e d  
i n  d e t a i l .  

2 . 0  MISSION PROFILE 

The MEM a r r i v e s  i n  t h e  v i c i n i t y  o f  Mars w i t h  an  
O r b i t e r  m i s s i o n  module which, v i a  r e t r o p r o p u l s i o n  o r  aerodynamic 
b r a k i n g ,  e s t a b l i s h e s  a highly e l l i p t i c a l  ( 2 4  t o  48 h o u r )  c a p t u r e  
o r b i t  w i t h  p e r i p l a n e t  v e l o c i t y  s l i g h t l y  below e s c a p e ,  i . e . ,  a t  
abou t  1 6 , 0 0 0  f p s .  T h i s  o r b i t  i s  non-optimum f o r  MEM a s c e n t ,  b u t  
i s  desirable  t o  minimize main module c a p t u r e  and e s c a p e  v e l o c i -  
t i e s .  The MEM S e p a r a t e s  f r o m  t h e  p a r e n t  s h i p  and descends  t o  t h e  
s u r f a c e  e i t h e r  by d i r e c t  e n t r y  ( p r i o r  t o  t h e  c a p t u r e  maneuver) 
o r  f rom e l l i p t i c a l  o r b i t  (F igu re  3 )  by  aerodynamic b r a k i n g  and 
r e t r o p r o p u l s i o n  ( F i g u r e  4 ) .  An arbitrary s t a y t i m e ,  pe rhaps  one 
week t o  30 days ,  i s  provided  d u r i n g  which t i m e  s u r f a c e  re- 
conna i s sance  and exper iments  are performed.  The a s t r o n a u t s  re- 
t u r n  i n  t h e  a s c e n t  s t a g e  and rendezvous w i t h  t h e  p a r e n t  module i n  
e l l i p t i c a l  o r b i t .  

Abort c a p a b i l i t y  i s  p r o v i d e d  p r i o r  t o  MEM e n t r y ,  f o r  a 
p e r i o d  o f  t i m e  s h o r t l y  be fo re  touchdown and from t h e  s u r f a c e  i n  
t h e  e v e n t  o f  s u r f a c e  s h e l t e r  f a i l u r e .  

The MEM d e s c e n t  v e h i c l e  i s  a cone or Apollo shaped 
e n t r y  s h e l l  which c o n t a i n s  hea t  s h i e l d ,  r e t r o p r o p u l s i o n ,  l a n d i n g  
gear,  t h e  a s c e n t  v e h i c l e ,  and pe rhaps  a l a b o r a t o r y  and s h e l t e r  
f o r  s u r f a c e  o p e r a t i o n s .  A l t e r n a t e l y ,  t h e  l a t t e r  two i t e m s  can 
be  d e l i v e r e d  i n  a s e p a r a t e  v e h i c l e .  The a s c e n t  v e h i c l e  houses  
d e s c e n t  command s y s t e m  c o n t r o l  i n t e r f a c e s ,  t h e  a s c e n t  c a p s u l e ,  
and a s c e n t  p r o p u l s i o n  stages.  Abort on e n t r y  n e c e s s i t a t e s  t h a t  
t h e  a s t r o n a u t s  r i d e  i n  t h e  a s c e n t  s t a g e  c a p s u l e  t o  a l l o w  r a p i d  
e s c a p e .  

The r e l a t i v e l y  heavy e n t r y  l a n d i n g  sys tems ( i . e . ,  com- 
p u t e r s ,  gu idance  and communications subsys tems)  are packaged i n  
t h e  d e s c e n t  s t a g e  and connected t o  t h e  ascent/command c a p s u l e  
b y  u m b i l i c l e s  ( o r  an  induc tance  c o u p l e )  capab le  o f  b e i n g  broken 
immedia te ly  i n  c a s e  of a b o r t  l aunch .  

S u r f a c e  and a b o r t  l aunch  ( F i g u r e  5 )  a r e  ach ieved  v i a  
preprogrammed t r a j e c t o r i e s  t o  low c i r c u l a r  o r b i t .  A s i n g l e  o r b i t  
c o a s t  ( o r  less)  i s  a l lowed f o r  p o s i t i o n i n g  and o r b i t  d e t e r m i n a t i o n  
from t h e  main module, t h u s  r e q u i r i n g  a s c e n t  v e h i c l e  eng ine  r e s t a r t  
c a p a b i l i t y .  T r a n s f e r  i s  ach ieved  so  tha t  t h e  MEM a s c e n t  stage 
( M E M / A S )  i s  s l i g h t l y  ahead of t h e  p a r e n t  s p a c e c r a f t .  The MEM/AS 
i s  gu ided  by r a d i o  command from t h e  main module d u r i n g  the  f i n a l  
phases  o f  the  rendezvous sequence.  A t  r endezvous ,  t h e  a s t r o n a u t  
e i t h e r  f l i e s  t h e  MEM/AS i n t o  a p r e p a r e d  docking  area, o r  l e a v e s  
t h e  s p a c e c r a f t  and maneuvers t o  t h e  main module by EVA. The 
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nominal  m i s s i o n  t h e n  r e q u i r e s  an  a s t r o n a u t  t o  l i v e  i n  t h e  a s c e n t  
s t a g e  f o r  pe rhaps  6 h o u r s  b e f o r e  l a n d i n g  and 1 or 2 hour s  a f t e r  
a s c e n t .  

3 .0  CONCLUSIONS AND SUMMARY OF PRINCIPAL FINDINGS 

With m i s s i o n  p r o f i l e s  i n  p e r s p e c t i v e ,  t h e  p r i n c l p a l  
r e s u l t s  o f  t h i s  s t u d y  are summarized below: 

. SPACE STORABLE PROPELLANTS RECOMMENDED 

E a r t h  s t o r a b l e  p r o p e l l a n t s  have obvious  advan tages  of 
e a s e  o f  h a n d l i n g  and s t o r a g e ;  however, e l i m i n a t i o n  o f  
a second s t a g e  and r educed  weight are s t r o n g  f a c t o r s  
f a v o r i n g  a space  s t o r a b l e  system. From a f e a s i b i l i t y  
s t a n d p o i n t ,  space  s t o r a b l e s  are c o n s i d e r e d  c o m p e t i t i v e  
w i t h  ear th  s t o r a b l e s  f o r  f u t u r e  MEM miss ion .appl ica€ionmr .  

. PROPELLANT REFRIGERATION ADVANTAGEOUS 

U t i l i z a t i o n  of  a c t i v e  s p a c e c r a f t  r e f r i g e r a t i o n  i s  
fundamenta l  t o  e f f i c i e n t  d e s i g n  o f  t h e  small FLOX/ 
Methane s t a g e s .  It i s  d e c i d e d l y  w i t h i n  the capa- 
b i l i t y  o f  c u r r e n t l y  a c h i e v a b l e  l i g h t w e i g h t  r e f r i g e r a -  
t i o n  s y s t e m s  t o  provide  thermal c o n t r o l  t h roughou t  t h e  
e n t i r e  MEM envi ronmenta l  spec t rum ( i . e . ,  p r e l a u n c h  
packaging ,  earth s t o r a g e ,  ea r th  o r b i t a l ,  p r e - i n j e c t i o n ,  
t r a n s  Mars, and Mars s u r f a c e  s t o r a g e ) .  Pre-Mars-entry 
s u b c o o l i n g  enab le s  p a s s i v e  s t o r a g e  on t h e  s u r f a c e  t o  
be ach ieved  fm up t o  two weeks s t a y t i m e .  F o r  i n d e f i -  
n i t e  s t a y t i m e s ,  t h e  a c t i v e  r e f r i g e r a t i o n  p e n a l t y  i s  
estimated t o  b e  approximate ly  250 l b s  ( r e f r i g e r a t o r  
p l u s  power u n i t ) .  

. Gross weight  of  two-stage v e h i c l e s  employing Compound A/ 
MHF-5 p r o p e l l a n t s  are  approx ima te ly  5,300 l b s  and 8,900 lbs 
f o r  one and two man pay loads ,  r e s p e c t i v e l y .  

correspondi-bs and 7,420 l b s .  
. Weights o f  s i n  l e  s t a  e FLOX/Methane v e h i c l e s  are 

SINGLE STAGE ASCENT VEHICLE RECOMMENDED 

A s i n g l e  s t a g e  space s t o r a b l e  v e h i c l e  i s  weight competi- 
t i v e  w i t h  a two stage space  s t o r a b l e  v e h i c l e ,  and 
moreover,  o f f e r s  s u b s t a n t i a l l y  improved packaging  
ar rangements .  

The two man ea r th  s t o r a b l e  and s p a c e  s t o r a b l e  v e h i c l e s  
a f f o r d  1 6 %  and 11% weight s a v i n g s  p e r  man compared t o  
r e s p e c t i v e  one man v e h i c l e s .  I n  b o t h  c a s e s  7% i s  
a t t r i b u t e d  t o  reduced c a p s u l e  weight,  and t h e  remainder  
from improved s t a g e  performance.  
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. Compound A/MHF-5 and FLOX/Methane p r o p e l l a n t s  have 
s p e c i a l  thermal c h a r a c t e r i s t i c s  which make them 
s u i t a b l e  f o r  g r e a t l y  s i m p l i f i e d  h a n d l i n g  and s t o r a g e  
t e c h n i q u e s  when a c t i v e  thermal c o n t r o l  i s  u t i l i z e d ,  
By j u d i c i o u s  s e l e c t i o n  of  common f u e l / o x i d i z e r  s t o r a g e  
t e m p e r a t u r e s ,  t he  p r o p u l s i o n  s t a g e  i n  b o t h  c a s e s  can 
be prepackaged p r i o r  t o  l aunch  and ma in ta ined  w i t h o u t  
p r o p e l l a n t  t r a n s f e r  or v e n t i n g  f o r  t he  d u r a t i o n  o f  t h e  
mission--with l i t t l e  mass f r a c t i o n  p e n a l t y .  

. MSSR/MEM commonality i s  e n t i r e l y  r e a s o n a b l e  f o r  a l l  
m u l t i - p l a n e t  f l y b y  m i s s i o n s .  Fo r  t h e  h i g h  v e l o c i t y  
Mars t w i l i g h t  f l y b y s ,  a d d i t i o n  o f  a n o t h e r  p r o p u l s i o n  
s t a g e  i s  s u f f i c i e n t .  

4 . 0  VELOCITY/THRUST ESTIMATION 

4 . 1  V e l o c i t y  De te rmina t ion  

Requi red  v e l o c i t i e s  for a c l a s s  o f  h i g h l y  e l l i p t i c a l  
Mars c a p t u r e  o r b i t s  are given i n  F i g u r e  6 .  T o t a l  v e l o c i t y  
i n c l u d i n g  g r a v i t y ,  d r a g ,  and aerodynamic l o s s e s  were de te rmined  
i n  Reference  3 f o r  a " n e a r  optimum" t r a j e c t o r y  e l l i p s e .  T o t a l  
impu l s ion  v e l o c i t y ,  i n c l u d i n g  d r a g  and g r a v i t y  l o s s e s ,  i s  e s t i -  
mated f o r  a 23  1 / 2  hour  (one d a y )  e l l i p s e  t o  be approximate ly  
18 ,600  f p s .  T h i s  a n a l y s i s  assumed d r a g  c h a r a c t e r i s t i c s  f o r  the 
s i n g l e  stage v e h i c l e  g i v e n  i n  F i g u r e  7 (Refe rence  4 ) .  An 
a d d i t i o n a l  400 f p s  i s  al lowed f o r  c o u r s e  c o r r e c t i o n  r e s u l t i n g  
i n  a d e s i g n  nominal of  1 9 , 0 0 0  f p s .  

Optimum s t a g i n g  v e l o c i t i e s  were o b t a i n e d  from t h e  
p e r t u r b a t i o n  formula  i n  Reference 5 ,  t a k i n g  i n t o  account  v a r i -  
ab le  s p e c i f i c  impulse  and mass f r a c t i o n  e f f e c t s .  

4 . 2  Thrust/Weight (T/W) Determina t ion  

I n i t i a l  t h r u s t  t o  weight (Refe rence  3 )  t o  ach ieve  a 
100  NM c i r c u l a r  p a r k i n g  o r b i t  was de te rmined  t o  be n e a r  optimum 
a t  1 ear th  g i n i t i a l  a c c e l e r a t i o n ,  for f i rs t  and second s t a g e s .  
V a r i a b l e  t h r u s t  was n o t  cons ide red .  A 90 second c o a s t  g r a v i t y  
t u r n  a f t e r  f i rs t  s t a g e  s e p a r a t i o n  i s  r e q u i r e d  t o  p r e v e n t  p a r k i n g  
o r b i t  ove r shoo t .  It is  probable  t h a t  d i r e c t  rendezvous t o  
e l l i p t i c a l  o r b i t  would a l low h i g h e r  T/W t o  a c h i e v e  s e v e r a l  
hundred f p s  r e d u c t i o n  i n  t o t a l  v e l o c i t y .  

5.0 D E S I G N  CONCEPTS AND CONFIGURATIONS 

The p o i n t  d e s i g n s  cons ide red  i n  t h i s  s t u d y  ( s i x  i n  
a l l )  are t a b u l a t e d  below. Only two s t a g e  v e h i c l e s  a r e  c o n s i d e r e d  
i n  t h e  e a r t h  s t o r a b l e  case. Both one and two s t a g e  v e h i c l e s  are 
c o n s i d e r e d  for s p a c e  s t o r a b l e  d e s i g n s .  
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P r o p e l l a n t  Class E a r t h  S t o r a b l e  Space S t o r a b l e  

P r o p e l l a n t  (Compound A/MHF-5) (FLOX/Methane ) 

Payload Class 700 l b s  1 ,300  l b s  700 l b s  1 ,3000  l b s  

Number of  S t a g e s  2 2 1 2  
L 

{ 

4 I n  s p i t e  of o p e r a t i o n a l  d i f f i c u l t i e s  a s s o c i a t e d  w i t h  
h a n d l i n g  and s t o r a g e ,  t h e  h i g h  performance o f  s p a c e  s t o r a b l e  
p r o p e l l a n t s ,  which a l l o w s  e l i m i n a t i o n  o f  a complete  p r o p u l s i o n  
s t a g e ,  w a r r a n t s  t h e i r  prime c o n s i d e r a t i o n  as a d e s i g n  a l t e r n a -  
t i v e  t o  t h e  e a r t h  s t o r a b l e  s t a g e s .  

Each of  these concepts  i s  developed i n  e n s u i n g  
d i s c u s s i o n s .  

5 . 1  Capsule/Stage I n t e g r a t i o n  

manned c a p s u l e  c o n f i g u r a t i o n ,  which i s  r e l a t i v e l y  l a r g e  com- 
pared  t o  t h e  a s c e n t  p r o p u l s i o n  v e h i c l e s .  A s  a consequence, 
un ique  i n t e g r a t i o n  s i t u a t i o n s  r e s u l t .  

P h y s i o l o g i c a l  c o n s t r a i n t s  o f  manned e n t r y  govern t h e  

The one man capsu le  ( F i g u r e  1) i s  approximate ly  a 
ha l f  c y l i n d e r  s i z e d  t o  accommodate a s u i t e d  a s t r o n a u t  i n  s u p i n e  
h i g h  G e n t r y  p o s t u r e .  The a s t r o n a u t  i s  s u p p o r t e d  i n  a n e t  c r a d l e  
which d i s t r i b u t e s  e n t r y  loads  t o  a s t r u c t u r a l  frame forming t h e  
c a p s u l e  perimeter ( t h e  e n t r y  g l o a d  i s  t h e  predominant  s t r u c t u r a l  
d e s i g n  c o n d i t i o n ) .  The capsule  cove r  i s  a l i g h t w e i g h t  unpres-  
s u r i z e d  shroud which s e r v e s  p r i n c i p a l l y  t o  minimize d r a g  l o s s e s  
and p r o v i d e s  a p a s s i v e  thermal  b a r r i e r  d u r i n g  d e s c e n t  and a s c e n t .  
L i f e  s u p p o r t  i s  c o n t a i n e d  e n t i r e l y  w i t h i n  t h e  s u i t  l oop .  

The two man capsu le  has a s q u a r e  f r o n t a l  a r e a  formed 
b y  two r e c t a n g u l a r  couch frames similar t o  t h e  c o n s t r u c t i o n  of  
t h e  one man d e s i g n .  A c i r c u l a r  aerodynamic sh roud  i s  p rov ided  
t o  minimize d r a g  l o s s e s ;  t h e  a f t  end of t h e  sh roud  i s  s c u l p t u r e d  
t o  f i t  t h e  frame p e r i p h e r y .  

5.2 Ea r th  S t o r a b l e  Veh ic l e  Conf igu ra t ions  

The one man v e h i c l e  c o n f i g u r a t i o n  i s  shown i n  F i g u r e  8. 
P r o p e l l a n t  i s  packaged i n  a double ba r r e l l ed  c y l i n d e r  a r r ange -  
ment c o n t a i n e d  comple te ly  w i t h i n  t h e  payload  shadow. T h i s  i s  
t o  minimize aerodynamic d r a g  l o s s e s ;  s i g n i f i c a n t ,  even i n  the 
t enuous  Mar t i an  atmosphere.  
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. 

Due t o  CG c o n t r o l  r e q u i r e m e n t s ,  t h e  f u e l  and o x i d i z e r  
t a n k s  must b e  p l a c e d  i n  a fore and a f t  arrangement  (as oppossed 
t o  side by s i d e ) .  The c a s e  i l l u s t r a t e d  shows two t a n k s  w i t h  a 
common bulkhead  t o  s e p a r a t e  f u e l  and o x i d i z e r .  Compound A/MHF-5 
s h a r e  a n  e x t e n s i v e  common l i q u i d o u s  r ange  and may be s u i t a b l y  
s t o r e d  i n  t h i s  mode, 

S t a g e  1 t h r m s t  l oads  are t r a n s m i t t e d  th rough  t h e  pro-  
p e l l a n t  t ankage  by means o f  a contoured  t h r u s t  s t r u c t u r e  which 
d i s t r i b u t e s  l o a d s  uni formly  a l o n g  a p e r i p h e r a l  a r c  t o  t h e  t a n k  
sk ins .  The t h r u s t  l o a d s  a r e  t r a n s m i t t e d  d i r e c t l y  t o  t h e  c a p s u l e  
frame v i a  c e n t r a l  column and p e r i p h e r a l  t a n k  e x t e n s i o n s .  Engine 
t h r u s t  l o a d s  are s o  small ( a s c e n t  t h r u s t / w e i g h t  i s  1 e a r t h  g )  
t ha t  a minimal i n t e r s t a g e  s t r u c t u r e  i s  adequa te  f o r  a s c e n t  
r e q u i r e m e n t s .  T h e  second stage e n g i n e  i s  mounted d i r e c t l y  t o  
t he  pay load  frame. P r o p e l l a n t  c o n t a i n e r s  'are  suspended from 
t h e  frame by s t r u t s .  

Mars e n t r y  and descen t  l o a d s  are l i m i t e d  t o  a maximum 
of  1 0  g ' s  o r  l e s s ,  c o n s i s t e n t  w i t h  manned e n t r y  a l lowances .  The 
s t a g e  i s  s u p p o r t e d  a t  t h e  base of  t h e  stage 1 p r o p e l l a n t  c o n t a i n e r s  
by ex tended  c i r c u m f e r e n t i a l  s k i r t s .  

The two man capsu le  ( F i g u r e  9 )  has approximate ly  
double  t h e  f r o n t a l  a r e a  o f  the one man v e h i c l e ,  s o  s e p a r a t e  
f u e l  and o x i d i z e r  t a n k s  can b e  u t i l i z e d  w i t h o u t  i n c r e a s i n g  
the  v e h i c l e  f r o n t a l  area. The f o u r  t a n k s  a r e  s u p p o r t e d  by a 
c e n t r a l  r i n g  which d i s t r i b u t e d  l o a d s  un i fo rmly  t o  t h e  t a n k s  
a l o n g  a p e r i p h e r a l  a r c .  Thrus t  l o a d s  are d i r e c t e d  th rough  
t h e  t a n k s  t o  a hard  p o i n t  at  a c e n t r a l  frame which a l s o  
s e r v e s  as t h e  couch s u p p o r t .  

5 .3  Space S t o r a b l e  Veh ic l e  C o n f i g u r a t i o n s  

Space s t o r a b l e s  a r e  c u r r e n t l y  c o n s i d e r e d  p r a c t i c a l  
f o r  a p p l i c a t i o n  t o  l a r g e  s t a g e s  where l o n g  t e r m  p a s s i v e  s t o r a g e  
can  be ach ieved .  MEM p r o p e l l a n t  volume i s  however i n s u f f i c i e n t  
t o  make p a s s i v e  s t o r a g e  feasible  w i t h o u t  a c c r u i n g  s i g n i f i c a n t  
o p e r a t i o n a l  and weight  p e n a l t i e s .  Here,  however, t h e  o p p o s i t e  
i s  t h e  c a s e .  P r o p e l l a n t  volume i s  s o  small t ha t  a c t i v e  the rma l  
c o n t r o l  can b e  employed t o  c o n s i d e r a b l e  advan tage .  P o t e n t i a l  
b e n e f i t s  d e r i v e d  from t h i s  approach are 

. Achievement of mass f r a c t i o n s  comparable t o  t h e  
ear th  s t o r a b l e  s t a g e s ,  

. Improved packaging  c o n f i g u r a t i o n s ,  

. E l i m i n a t i o n  o f  b o i l - o f f  p e n a l t i e s  and s p a c e c r a f t  
v e n t i n g  r equ i r emen t s ,  

. Avoidance of  onboard p r o p e l l a n t  t r a n s f e r ,  
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. Ease o f  h a n d l i n g  and l o a d i n g ,  

. Open-ended Mars, e a r t h  and t r a n s  Mars s t o r a g e  capa- 
b i l i t y ,  and 

. Up t o  s e v e r a l  weeks non-vented p a s s i v e  s t o r a g e  on 
Mars by subcoo l ing  p r i o r  t o  e n t r y .  

The e n t i r e  v e h i c l e ,  e x c l u d i n g  t h e  manned c a p s u l e ,  i s  
< 

s t o r e d  i n  a n  i n s u l a t e d  c o n t a i n e r .  I n t e r n a l  t e m p e r a t u r e  i s  a c t i v e l y  
m a i n t a i n e d  w i t h i n  t h e  common l i q u i d o u s  r a n g e  o f  t h e  p r o p e l l a n t s .  
The i n s u l a t i o n  c o n t a i n e r  i s  a " s e p a r a t o r "  r a t h e r  t h a n  a p r e s s u r e  
v e s s e l  s o  t h a t  no s i g n i f i c a n t  p r e s s u r e  d i f f e r e n t i a l  e x i s t s  a c r o s s  
the i n s u l a t i o n  walls. P r i o r  t o  Mars e n t r y  t h e  s t a g e  i s  subcooled  
and t h e  c o n t a i n e r  i s  purged w i t h  an  i n e r t  gas such  as N2 o r  a rgon  
t o  p r e v e n t  C 0 2  e n t r y  and subsequent  condensa t ion  on t h e  t a n k s  on 
e n t r y  t o  Mars. I f  r e q u i r e d ,  t h e  purge can  be ma in ta ined  d u r i n g  
s u r f a c e  s t a y t i m e  by means of N 2  s t o r e d  on t h e  d e s c e n t  s t a g e .  

The c o n f i g u r a t i o n s  o f  t h e  two stage space  s t o r a b l e  
v e h i c l e s  ( F i g u r e s  1 0  and 11) a r e ,  i n  g e n e r a l ,  s imi la r  t o  t h e  
ear th  s t o r a b l e  v e h i c l e  des igns .  Except ions  are t h e  manned 
c a b i n / s t a g e  2 i n t e r f a c e ,  and t h e  stage l / s u p p o r t  i n t e r f a c e .  
Here s u i t a b l e  i n s u l a t i o n  m a t e r i a l s  and low heat t r a n s f e r  s u p p o r t s  
are employed. 

S i n g l e  s t a g e  v e h i c l e  c o n f i g u r a t i o n s  ( F i g u r e s  1 2  and 
13) d i f f e r  d e c i d e d l y  from the  two-stage d e s i g n s .  The one man 
v e h i c l e  i s  a m u l t i - c e l l  c o n t a i n e r  formed by th ree  i n t e r s e c t i n g  
c y l i n d e r s .  Engine t h r u s t  l oads  are c a r r i e d  through the  t a n k s  
a t  t he  f o u r  c y l i n d e r  i n t e r s e c t i o n  p o i n t s  t o  t h e  c a p s u l e  f rame.  
S e p a r a t e  f u e l / o x i d i z e r  t a n k s  o r  common bulkhead  t ankage  bo th  
o f f e r  s u i t a b l e  packaging  ar rangements .  

The two man v e h i c l e  i s  formed by e l l i p s o i d  o x i d i z e r  
t a n k  and a t o r o i d  o r  s p h e r e - t o r o i d  f u e l  t a n k .  T h r u s t  l o a d s  
a r e  c a r r i e d  by a cone developed as a c o n t i n u a t i o n  o f  t h e  
o x i d i z e r  t a n k .  The f u e l  t a n k  i s  s u p p o r t e d  by t h e  t h r u s t  
cone and a c y l i n d r i c a l  shroud a t  t h e  t a n k  p e r i m e t e r .  The 
manned c a p s u l e  i s  suppor t ed  a t  d i s c r e t e  p o i n t s  a t  t h e  forward  
end of  t he  c y l i n d e r ,  

6 .0  PROPELLANT STORAGE CONSIDERATIONS 

The s t a g e  d e s i g n s  must accommodate unique thermal 
c o n t r o l  r e q u i r e m e n t s  imposed by t h e  spec t rum o f  m i s s i o n  envi ron-  
ments i n c l u d i n g :  

. Pre launch  packaging and e a r t h  s t o r a g e ,  
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Mean Ampl i tude  o f  
d i u r n a l  v a r i a t i o n  

. Pos t  l a u n c h  e a r t h  p a r k i n g  o r b i t ,  

110°F 

. Trans  Mars, and 

. Mars e n t r y  and s u r f a c e  s t a y t i m e .  

Fo r  r e f e r e n c e ,  Mar t ian  d i u r n a l  s u r f a c e  t e m p e r a t u r e  
v a r i a t i o n s ,  as g i v e n  , i n  Reference  6 ,  are summarized below: 

Cond i t ion  I Temperature  
~ 

Maximum 
Mean Day Side  
Mean Nigh t  S ide  

Mean P l a n e t  

80°F 
10°F 

-100°F 
-45°F 

6 . 1  P re l aunch  Packaging and S t o r a g e  

Before  c o n s i d e r i n g  thermal  s t o r a g e  r equ i r emen t s  t he  
packag ing  sequence  i s  b r i e f l y  addressed t o  i l l u m i n a t e  problems 
a s s o c i a t e d  w i t h  t h i s  p rocedure .  

P r o p e l l a n t  l o a d i n g  may b e  accompl ished  e i t h e r  p r i o r  
t o  l aunch  as sembly  (p repackaged) ,  on t h e  pad,  o r  b y  p r o p e l l a n t  
t r a n s f e r  i n  s p a c e .  The l a t t e r  two t e c h n i q u e s  employ LN2 c h i l l -  
down and purge  ( f o r  FLOX/Methane), and p r o p e l l a n t  t r a n s f e r  f rom 
a common r e s e r v o i r .  By d i n t  o f  t h e  number o f  f i l l  o p e r a t i o n s  
r e q u i r e d "  ( w i t h  a s s o c i a t e d  plumbing complex i ty )  and i n h e r e n t  
sa fe ty  problems of onboard t r a n s f e r ,  ground l o a d i n g  i s  s t r o n g l y  
p r e f e r r e d .  I n  subsequent  d i s c u s s i o n  p repackag ing  i s  presumed. 
Advantages of t h e  prepackaged mode are complete  assembly  and 
checkout  p r i o r  t o  pad assembly, and e l i m i n a t i o n  o f  t a n k  v e n t i n g  
e x c e p t  a t  i n i t i a l  l o a d i n g .  

6 .2  Prepackaging  Thermal Con t ro l  Requirements  

Compound A/MHF-5 and FLOX/Methane p r o p e l l a n t s  each 
have s p e c i a l  thermal c h a r a c t e r i s i t c s  which make them s u i t a b l e  

*The aScen t  stage is emplaced i n  the  d e s c e n t  s tage ,  and t h e  
e n t i r e  v e h i c l e  i n s t a l l e d  i n  a probe  h a n g a r  module. A s  many as 
three  MEM v e h i c l e s ,  i n  a d d i t i o n  t o  unmanned p r o b e s ,  are s t o r e d  
i n  t h e  hangar  ( i . e . ,  two manned v e h i c l e s  and a s e p a r a t e  she l t e r  
v e h i c l e ) .  
are u t i l i z e d .  

I n  t o t a l  2 o r  3 v e h i c l e s ,  w i t h  3 t o  7 s e p a r a t e  stages 
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for g r e a t l y  s i m p l i f i e d  hand l ing  and s t o r a g e  t e c h n i q u e s  when 
a c t i v e  t h e r m a l  c o n t r o l  i s  u t i l i z e d .  By j u d i c i o u s  s e l e c t i o n  of  
a common f u e l / o x i d i z e r  s t o r a g e  t e m p e r a t u r e ,  the  s t a g e  can b e  
prepackaged p r i o r  t o  l a u n c h  and i n  b o t h  c a s e s ,  ma in ta ined  w i t h o u t  
p r o p e l l a n t  t r a n s f e r  o r  ven t ing  for t h e  d u r a t i o n  o f  t h e  m i s s i o n  
wi th  no mass f r a c t i o n  p e n a l t y .  The means o f  a c h i e v i n g  t h i s  i s  
r a t h e r  i n v o l v e d  and coupled  t o  f o u r  b a s i c  f a c t o r s :  

. Maximum o x i d i z e r  vapor p r e s s u r e ,  

. Minimum f u e l  vapor  p r e s s u r e ,  

. Minimum gage p r e s s u r e  v e s s e l  d e s i g n ,  and 

. S t o r a g e / o p e r a t i o n  p r e s s u r e  du ty  c y c l e .  

The concept  d e v e l o p e d  i n  e n s u i n g  d i s c u s s i o n  i s  1) t o  
e s t ab l i sh  maximum a l l o w a b l e  o x i d i z e r  vapor  p r e s s u r e  by t h e  
minimum gage p r o p e l l a n t  c o n t a i n e r  p r e s s u r e s ,  and 2 )  e s t a b l i s h  
minimum ground and l aunch  f u e l  vapor  p r e s s u r e  a t  (or s l i g h t l y  
below) 1 4 . 7  p s i a  t o  p r e v e n t  f u e l  t a n k  b u c k l i n g .  The l i m i t i n g  
o p e r a t i n g  ( e n g i n e  on )  o x i d i z e r  vapor  p r e s s u r e  i s  f i x e d  by 
maximum o p e r a t i n g  vapor  p r e s s u r e ,  less  t h e  margin a f f o r d e d  
by net p o s i t i v e  s u c t i o n  head (NPSH), and a c c e l e r a t i o n  and l i n e  
l o s s e s  which are n o t  a d d i t i v e  i n  t h e  s t o r a g e  c o n d i t i o n .  Upon 
a c h i e v i n g  a vacuum c o n d i t i o n  i n  o r b i t  t he  1 4 . 7  p s i a  f u e l  t a n k  
p r e s s u r e  r equ i r emen t  i s  r e l a x e d ,  a l l o w i n g  a subsequen t  reduc-  
t i o n  i n  s t o r a g e  t e m p e r a t u r e .  

Impact o f  t h e  v a r i o u s  env i ronmen ta l  c o n d i t i o n s  on 
s t o r a g e  r e q u i r e m e n t s  are cons ide red  i n  t u r n  below. A d d i t i o n a l  
f a c t o r s  such  as minimum gage p r e s s u r e  v e s s e l  c o n s t r a i n t s  and 
d u t y  c y c l e  p r e s s u r e  are u n i f i e d  w i t h  t h i s  d i s c u s s i o n  i n  
s e c t i o n  9 .2 .1 ,  u l t i m a t e l y  r e s u l t i n g  i n  s e l e c t i o n  of  p r e s s u r e  
v e s s e l  d e s i g n  c r i t e r i a .  

6 . 3  Compound A/MHF-5 S to rage  C o n s i d e r a t i o n s  

P re l aunch  Packaging and Ea r th  S t o r a g e  - Maximum 
s t o r a g e  t e m p e r a t u r e  of Compound A/MHF i s  e f f e c t i v e l y  l i m i t e d  
by Compound A vapor  p r e s s u r e  buildup..  Minimum s t o r a g e  tempera- 
t u r e  i s  governed by low MHF-5 vapor  p r e s s u r e  r e s u l t i n g  i n  f u e l  
t a n k  compression i n  t h e  1 4 . 7  p s i  envi ronment .  Co inc iden t ly  
t he  optimum p r o p e l l a n t  s t o r a g e  t e m p e r a t u r e ,  s t r i k i n g  a ba lance  
between t h e s e  two c o n s t r a i n t s ,  i s  a conven ien t  -77OF. A 2 O  
e x c u r s i o n  deadband, ( i . e . ,  75°F t o  79OF) i s  a r b i t r a r i l y  s e l e c t e d  
t o  estimate p r e s s u r e  v e s s e l  weight  p e n a l t i e s .  The t empera tu re  
deadband r equ i r emen t  i s  a s t a n d a r d  h a n d l i n g  p rocedure  for many 
c l a s s e s  of m i s s i l e  sys tems and s h o u l d  n o t  pose  o p e r a t i o n a l  
d i f f i c u l t i e s .  Ac t ive  thermal  c o n t r o l  for ear th  s t o r a b l e s  i s  
r e q u i r e d  on ly  th rough  launch .  
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Space Environment - i n  t h e  absence  of an e x t e r n a l  
1 4 . 7  p s i  atmosphere p r e s s u r e  t h e  s t a g e  can b e  p a s s i v e l y  s t o r e d  
a t  any convenient  t empera tu re  w i t h i n  the common l i q u i d o u s  r ange  
of 79OF t o  -70°F, the  lower  l i m i t  b e i n g  t h e  f e e z i n g  t e m p e r a t u r e  
of MHF-5. 

Mars S u r f a c e  Environment - A p o t e n t i a l  s u r f a c e  s t o r a g e  
problem i s  MHF-5 p a r t i a l  f r e e z i n g .  
o f  s e v e r a l  p a s s i v e  the rma l  c o n t r o l  t e c h n i q u e s :  

T h i s  can b e  avo ided  by e i t h e r  

1) S t o r i n g  the  s t a g e  a t  mean s u r f a c e  e q u i l i b r i u m  tempera- 
t u r e  ( -45OF)  and l i m i t i n g  p r o p e l l a n t  t e m p e r a t u r e  
e x c u r s i o n  by t a n k  i n s u l a t i o n  t o  g r e a t e r  t h a n  -7OoF, or 

R a i s i n g  t h e  mean t empera tu re  o f  t h e  e n t i r e  v e h i c l e  by  
s u i t a b l e  the rma l  des ign  ( i . e . ,  c 'oa t ings ,  c o n t r o l l e d  
"one way" h e a t  leaks,  e t c .  ) .  

2) 

6.4  FLOX/Methane S t o r a g e  Cons ide ra t ions  

P re l aunch  Packaging a n  Ear th  S t o r a g e  - B a s e l i n e  f i l l  
concept  f o r  t h e  space  s t o r a b l e  p r o p e l l a n t s  i s  prepackaging  p r i o r  
t o  pad assembly,  w i t h  cont inuous  a c t i v e  c o o l i n g  ma in ta ined  p r i o r  
t o  l a u n c h  by a r e f r i g e r a t i o n  s y s t e m  i n c o r p o r a t e d  i n  t h e  hanga r .  
Heat f l u x  i n p u t s  on t h e  s u r f a c e  are s u b s t a n t i a l l y  g r e a t e r  t h a n  
i n  s p a c e  (by  approximate ly  an o r d e r  o f  magni tude)  because  of  
degraded i n s u l a t o n  performance under  a tmosphe r i c  p r e s s u r e .  How- 
e v e r ,  u n l i m i t e d  power f o r  r e f r i g e r a t i o n  i s  a v a i l a b l e  and a 
f a v o r a b l e  weight  t r a d e o f f  r e s u l t s  i f  t h e  same i n s u l a t i o n  s y s t e m  
i s  used .  

Pos t  Launch - The probe  hanga r  i s  launched  separa te ly  
v i a  S a t u r n  V t o  h i g h  e l l i p t i c a l  p a r k i n g  o r b i t  and ven ted  t o  o b t a i n  
t h e  b e n e f i t  of vacuum t o  improve t h e  i n s u l a t i o n  performance.  
S e v e r a l  months may e l a p s e  b e f o r e  docking  and assembly o f  t h e  
probe  h a n g e r  and t h e  s p a c e c r a f t  i s  accomplished.  I n  t h e  i n t e r i m  
( b e f o r e  s p a c e c r a f t  power i s  a v a i l a b l e )  probe  hangar  and r e f r i g e r a -  
t i o n  power must be  s u p p l i e d  by a power supp ly  u n i t ,  which may be 
j e t t i s o n e d  b e f o r e  t r a n s  Mars i n j e c t i o n .  A l t e r n a t e l y ,  because  
o f  low heat i n p u t  i n  the  vacuum s p a c e  envi ronment ,  p r o p e l l a n t s  
can  b e  subcoo led  p r i o r  t o  launch and s t o r e d  p a s s i v e l y  u n t i l  
s p a c e c r a f t  power i s  a v a i l a b l e .  It i s  estimated t h a t  a t  l ea s t  
s e v e r a l  months o f  p a s s i v e  s t o r a g e  can be ach ieved  wi thou t  need 
f o r  r e f r i g e r a t i o n  o r  v e n t i n g  i f  adequa te  subcoo l  i s  p rov ided .  

Trans  Mars - Upon t r a n s  p l a n e t a r y  i n j e c t i o n  t h e  launch  
and e n t r y  s u p p o r t s  a r e  d i sconnec ted .  The s t a g e  i s  cooled  by  
r e f r i g e r a t i o n ,  power b e i n g  s u p p l i e d  by t h e  main s p a c e c r a f t .  The 
stage i s  subcoo led  t o  minimum common l i q u i d o u s  range  tempera- 
t u r e  p r i o r  t o  Mars e n t r y ,  
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Mars E n t r y  and S u r f a c e  S t a y t i m e  - The MEM s e p a r a t e s  
f rom t h e  c a p s u l e  s e v e r a l  hours  p r i o r  t o  e n t r y .  A t  s e p a r a t i o n ,  
a s c e n t / d e s c e n t  s t a g e  s t r u c t u r a l  t i e s  (which a re  d i s c o n n e c t e d  
for s t o r a g e  p u r p o s e s )  a r e  r e - e s t a b l i s h e d ,  a c t i v e  c o o l i n g  i s  d i s -  
c o n t i n u e d  (presuming a s h o r t  s u r f a c e  s t a y t i m e ) ,  and t h e  i n s u l a -  
t i o n  compartment i s  p r e s s u r i z e d  w i t h  N2, t o  Mars s u r f a c e  pres-  
s u r e .  

During e n t r y ,  heat f l u x  can conce ivab ly  b e  i n c r e a s e d  
by s e v e r a l  o r d e r s  o f  magnitude above t h e  s u r f a c e  r a t e .  However, 
because  o f  t h e  s h o r t  d u r a t i o n ,  even w i t h  t h i s  c o n s e r v a t i v e  e s t i -  
mate, t o t a l  h e a t i n g  i n p u t  i s  q u i t e  small ,  r a i s i n g  p r o p e l l a n t  
t e m p e r a t u r e  by n o t  more t h a n  s e v e r a l  d e g r e e s .  

S u r f a c e  s t a y t i m e s  of  up t o  s e v e r a l  weeks a r e  ach ieved  
by p a s s i v e  t h e r m a l  c o n t r o l .  
nominal  amount o f  which i s  t o l e r a b l e ) .  Longer s t a y t i m e s  re- 
q u i r e  a c t i v e  c o o l i n g  by a l i g h t  weight  r e f r i g e r a t o r  s y s t e m  
u t i l i z i n g  s o l a r  p a n e l  or RTG power supp ly .  

The N2 purge  l i m i t s  C02 i c i n g  ( a  

P r i o r  to Mars s u r f a c e  l a u n c h ,  t h e  i n s u l a t i o n  i s  
separated from t h e  a s c e n t  v e h i c l e ,  t h e  fo rward  i n s u l a t i o n  re- 
main ing  w i t h  t h e  s t a g e  through a s c e n t .  

7 . 0  D E S I G N  SUMMARY 

The v e h i c l e  c h a r a c t e r i s t i c s  d e r i v e d  f o r  t h e  c l a s s e s  
o f  one and two man v e h i c l e s  a r e  g i v e n  i n  T a b l e  1. Inc luded  
a re  e s t i m a t e d  p r o p e l l a n t  performance and p r o p e l l a n t  m i x t u r e  
c h a r a c t e r i s t i c s  f o r  v a r y i n g  e n g i n e  t h r u s t  l e v e l s ,  i n i t i a l  s t a g e  
t h r u s t / w e i g h t ,  optimum s t a g i n g  v e l o c i t i e s ,  and s tage and vehi -  
c l e  g r o s s  w e i g h t .  S t a g e  and v e h i c l e  growth f a c t o r s  measure t h e  
s e n s i t i v i t y  o f  v e h i c l e  w e i g h t  t o  pay load .  

S e n s i t i v i t y  f a c t o r s  ( S )  g i v e n  i n  T a b l e  2 e n a b l e  pe r -  
c e n t a g e  g r o s s  weight  changes (W) t o  be de t e rmined  as  a f u n c t i o n  
o f  p e r c e n t a g e  change i n  mass f r a c t i o n  ( A )  b y  t h e  f o l l o w i n g  
fo rmula  : 

A A 2  + s* X I  Aw 
W 2 

Gross weigh t s  t o  e l l i p t i c a l  o r b i t  ( 1 9 , 0 0 0  f p s )  a r e  
approx ima te ly  5 , 2 2 0  l b s  and 8 , 8 6 0  l b s  f o r  one man and two man 
e a r t h  s t o r a b l e  s t a g e s ,  r e s p e c t i v e l y .  
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Comparative FLOX/Methane v e h i c l e  we igh t s  are 4,090 l b s  
and 7,320 l b s  for two s t a g e  v e h i c l e  and 4,170 l b s  and 7,400 l b s  
f o r  s i n g l e  s t a g e  v e h i c l e s .  The s i n g l e  s t a g e  space  s t o r a b l e  i s  
c o m p e t i t i v e  weightwise  w i t h  the two s t a g e  v e h i c l e  and ,  f o r  
o p e r a t i o n a l  and development s i m p l i c i t y ,  i s  s t r o n g l y  p r e f e r r e d .  

The one and two man s i n g l e  s t a g e  space  s t o r a b l e  
v e h i c l e s  p r o v i d e  weight  s av ings  of  21% and 1 6 %  p e r  man above 
r e s p e c t i v e  two s t a g e  e a r t h  s t o r a b l e  v e h i c l e s .  T h i s  i n c l u d e s  
i n s u l a t i o n  p e n a l t y  f o r  s h o r t  s tay t imes  o f  l e s s  t h a n  2 weeks. 
Extended s tayt imes r e s u l t  i n  a 200  l b  t o  300 l b  r e f r i g e r a t o r  
and power sys tem p e n a l t y .  I n  t h e  l a t t e r  c a s e  t h e  n e t  s a v i n g s  
o v e r  e a r t h  s t o r a b l e s  i s  approximate ly  1 7 %  and 1 4 %  for one and 
two man s t a g e s ,  r e s p e c t i v e l y .  

S t a g e  weight  breakdowns are g i v e n  i n  Table  3 and 
d imens iona l  c h a r a c t e r i s t i c s  i n  T a b l e  4 .  (Subsystems a n a l y s i s  
upon which these  we igh t s  a r e  d e r i v e d  i s  p r e s e n t e d  i n  S e c t i o n  9 . )  
C a l c u l a t i o n s  are based on c u r r e n t l y  a c h i e v a b l e ,  or modera te ly  
advanced s t a t  e-of -t h e - a r t  t e c h n o l o g i e s .  

A s i n g l e  weight  i t e r a t i o n  was employed i n  mass f r a c -  
t i o n  c a l c u l a t i o n s .  F i n e r  e s t i m a t e s  can  b e  made d i r e c t l y  b y  
c o n s i d e r a t i o n  of t he  s e n s i t i v i t y  f a c t o r s  i n  Table  2 .  

8 .0  PROPELLANT CHARACTERISTICS 

8 . 1  Ea r th  S t o r a b l e  S e l e c t i o n  

The ear th  s t o r a b l e  p r o p e l l a n t s  s e l e c t e d  f o r  p o i n t  de- 
s i g n  a n a l y s i s  are  Compound A/MHF-5 ( 5 / 5 )  t y p i c a l  o f  t h e  famil ies  
of advanced c h l o r i n a t e d  p r o p e l l a n t s  c u r r e n t l y  under  s e r i o u s  
c o n s i d e r a t i o n  f o r  t a c t i c a l  weapons s y s t e m s .  

Development of 5/5 p r o p e l l a n t s  has proceeded t o  t h e  
p o i n t  where small s c a l e  s t a t i c  f i r i n g s  ( l e s s  t h a n  1 0 , 0 0 0  l b f  
t h r u s t )  have been made. 5/5 i s  c u r r e n t l y  c a n d i d a t e  for t h e  
Condor mi s s i l e  funded under  f i x e d  p r i c e  development (Refe rence  7 ) .  
The Navy has a c c e p t e d  s p e c i f i c a t i o n s  f o r  c h a r a c t e r i z a t i o n  of 
5/5 as s a t i s f a c t o r y .  

Performance curves f o r  5/5 as a f u n c t i o n  of  t h r u s t  

T y p i c a l  I SP 's are  
are g i v e n  i n  F i g u r e  1 4  (Reference  8 ) .  These v a l u e s  are c o n s i d e r e d  
t o  be s l i g h t l y  o p t i m i s t i c  b u t  a c h i e v a b l e .  
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F r e e z i n g  P o i n t  

Vapor P r e s s u r e  a t  77OF 
S t o r a g e  Temperature 

from 344 s e c  t o  353 s e c  vacuum f o r  mix tu re  r a t i o s  (MR) o f  2 . 7 ,  
chamber p r e s s u r e  (P,) o f  1 , 0 0 0  p s i a ,  and expans ion  r a t i o  ( E )  
o f  40.  

-153OF - 7 1 0 ~  

45 psia  1 4  p s i a  

Temperature  c h a r a c t e r i s t i c s  r e l a t i n g  t o  common l i q u i d o u s  
r a n g e  (CLR)  a r e  g i v e n  below: 

S ta te  Cond i t ion  Compound A MHF, I 

8 . 2  Space S t o r a b l e  S e l e c t i o n  

Performance e f f i c i e n c y  o f  FLOX/Methane has been demon- 
s t r a t e d  i n  i s o l a t e d  f i r i n g s  a t  d e s i g n  MR a t  5.75 and low expan- 
s i o n  r a t i o  ( E  % 4 0 ) .  When ex tended  t o  l a rger  E t h e  performance 
data g i v e n  i n  F i g u r e  1 4  a r e  a c c e p t e d  as nominals .  Three 
c o n t r a c t s  funded by OART t o  P r a t t  and Whitney, TRW Systems, 
and Rocket Research ,  are now b e i n g  unde r t aken  t o  demons t r a t e  
performance c a p a b i l i t y  of  systems a t  low p r e s s u r e ,  and t o  document 
r e a l i s t i c  expec ted  k i n e t i c  l o s s e s .  O the r  phenomena such  as 
coke ing  and heat  t r a n s f e r  are  a l s o  b e i n g  e x p l o r e d .  I n  a d d i t i o n  
L e w i s  L a b s  i s  c u r r e n t l y  funding  Marquardt Corp. t o  demonst ra te  
ex t r eme ly  l i g h t  weight  composite carbon g r a p h i t e  combustion 
sys tems (Refe rence  7 ) .  

The common l i q u i d o u s  r ange  CLR, of FLOX/Methane, 
a l t h o u g h  small, e n a b l e s  e f f e c t i v e  u t i l i z a t i o n  o f  a s i m p l e ,  
e f f i c i e n t  and l i gh twe igh t  s t o r a g e  system. The e x t e n t  of  t h i s  
CLR r ange  i s  i n d i c a t e d  i n  t h e  p r e s s u r e / t e m p e r a t u r e  cu rves  
p r e s e n t e d  i n  F i g u r e  1 5  (Reference  9 ) .  
i s  approximate ly  1 6 3 O ~ ,  e s s e n t i a l l y  independent  o f  p r e s s u r e .  The 
b o i l i n g  p o i n t  of  FLOX a t  50 p s i ,  approximate ly  optimum p r e s s u r e  
f o r  e f f e c t i v e  CLR u t i l i z a t i o n ,  i s  1 7 8 O ~ .  T h i s  e n s u r e s  a workable  
common l i q u i d o u s  r a n g e  o f  approximate ly  1 4 ° R ,  g i v e n  thermal mixing .  

i n c r e a s i n g  maximum a l lowab le  FLOX t a n k  p r e s s u r e .  F o r  example, 
a b o i l i n g  p o i n t  of 184OR i s  o b t a i n e d  a t  70 p s i  vapor  p r e s s u r e ,  
a l l o w i n g  a 20°F workable  common l i q u i d o u s  r ange .  Cost i s  
approx ima te ly  1% g r o s s  weight  above 50 p s i  vapor  p r e s s u r e  
s t o r a g e .  A l t e r n a t e l y ,  t h e  CLR can be ex tended  by a d d i t i v e s  t o  
methane which r educe  t he  f r e e z i n g  p o i n t  w i t h  o n l y  s l i g h t  l o s s  
i n  performance (Refe rence  9 ) .  For  example, a b l e n d  o f  90% 

The f r e e z i n g  p o i n t  of  CH4 

FLOX/Methane l i q u i d o u s  r ange  can  be i n c r e a s e d  by 
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Heat Capac i ty  Hea t  Capac i ty  
,CLR 1 Man S t a g e  2 Man S t a g e  
(OR) (BTU (BTU) 

1 4 O  20 ,000  33 ,400  

20° 28,400 47,600 

2 6 O  36,900 6 1 ,  g o o  

methane and 10% e t h a n e  (F igu re  1 6 )  has a f r e e z i n g  p o i n t  o f  
e q u i v a l e n t  t o  a 20°R common l i q u i d o u s  r ange  a t  50 p s i .  
The r e s u l t i n g  I d e g r a d a t i o n  i s  on ly  1 1 / 2  s e c s .  ( A  55/45 
m i x t u r e  of  methane/ethane l o w e r s  t h e  f r e e z i n g  p o i n t  t o  133OR 
b u t  r e s u l t s  i n  a p r o h i b i t i v e  7 s e c  l o s s . )  A g O / l O  m ix tu re  a t  
70 p s i  f u r t h e r  e x t e n d s  the  CLR t o  2 6 O R .  

SP 

Comments 
Methane/ Vapor 
Ethane P r e s s u r e  
Mixture  ( % )  ( P s i )  

100/0 50 

100/0 7 0  

90/10 7 0  

P r o p e l l a n t  heat s i n k  c a p a c i t y  o v e r  t h e  CLR d e t e r -  
mines s u r f a c e  s t a y t i m e  c a p a b i l i t y  f o r  a f i x e d  performance 
i n s u l a t i o n  s y s t e m .  S p e c i f i c  heats o f  FLOX and methane are 
r e s p e c t i v e l y  .38 BTU/lb/OF and . 8 1  BTU/lb/OF (Refe rence  10) 
which y i e l d s  a n  e f f e c t i v e  p r o p e l l a n t  s p e c i f i c  heat o f  . 4 4  
BTU/ lb /OF  ( a t  5 .75 M R ) .  The p r o p e l l a n t  heat s i n k  c a p a c i t y  
f o r  p r o p e l l a n t  we igh t s  g iven  i n  Table  2 are 1 , 4 2 0  BTU/OF 
and 2,380 BTU/OF, f o r  t h e  one and two man s t a g e s ,  r e s p e c t i v e l y .  
Presumably,  t h e  e n t i r e  CLR can  b e  u t i l i ' z e d  i n  s t o r a g e  by sub- 
c o o l i n g  the  s t a g e  t o  the  Methane f r e e z i n g  p o i n t .  T o t a l  h e a t  
c a p a c i t y  f o r  1 4 O R ,  20°R and 26OR CLR are g i v e n  below: 

r 

1 Man S t a g e  
.St a y t  i m e  Equl'valent Hours 14OF 20°F 2 6 O ~  
2 days  1 8 6  i o 8  153  198  
1 week 306 65 93 1 2 1  

1 month 86 8 23 33 4 2  
2 weeks 4 54 4 4  63 8 1  

2 Man S t a g e  
14OF 20°F 26O1 
180 256 332 
l o g  156 202 

38 55 7 1  
74  105  136 

From t h i s  t ab l e  maximum heat ra tes  can be  ca l cu -  
lated f o r  a f i x e d  Mars s u r f a c e  s t a y t i m e  c a p a b i l i t y .  Maximum 
heat ra tes  f o r  s t a y t i m e s  of 2 d a y s ,  1 week, 2 weeks, and 1 
month are p r e s e n t e d  below. It i s  presumed t h a t  e n t r y  r a t e s  are i n -  
c r e a s e d  b y  two o r d e r s  o f  magnitude o v e r  nominal s u r f a c e  r a t e s  f o r  a 
1 / 2  hour  p e r i o d .  2 hour s  p o s t  e n t r y  heat i n p u t  i s  presumed 
t o  be  i n c r e a s e d  b y  one o r d e r  of  magni tude.  I n  a l l  c a s e s  a two 
day  con t ingency  i s  al lowed.  Design of  i n s u l a t i o n  s y s t e m s  
i n  s e c t i o n  9 are p r e d i c a t e d  on two week s t a y t i m e  a l lowances  below. 
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FLOX/CH4 

1st Stage 2nd Stage 

Trapped P r o p e l l a n t  
i n  L ines  ( l b s )  6.5 1 . 4  

i n  Tanks ( l b s )  16.5 - 4.0  
R e s i d u a l  P r o p e l l a n t  

TOTAL ( l b s )  23.0 5 .4  

9.0 SUBSYSTEMS DESIGN 

Comp. A/MHF-5 

1s t  S t a g e  2nd S t a g e  

6 . 4  2 . 0  

4 . 0  

25.0 6 . 0  

- 18.6  

Stage subsys tems a r e  c o n s i d e r e d  on a n  i t e m  by i t em 
basis .  I n c l u d e d  are p r o p u l s i o n  sys tem,  s t r u c t u r e s ,  equipment 
and i n s t r u m e n t a t i o n ,  and cont ingency a l l o w a n c e s .  

9 . 1  P r o p u l s i o n  Systems (Reference  8 )  

9 . 1 . 1  Engines  and Related S u b s y s t e m s  

l b f  t o  8 ,000  l b f .  
a v a i l a b l e  from Prat t  and Whitney A i r c r a f t  ( P  & W )  and Rocket- 
dyne.  Engine weight  v e r s u s  t h r u s t  o b t a i n e d  from P & W i s  g i v e n  
i n  F i g u r e  17 .  P & W i n d i c a t e d  t h a t  eng ine  weight f o r  Compound 
A/MHF-5 and FLOX/Methane a re  approx ima te ly  t h e  same. Design 
c h a r a c t e r i s t i c s  are 1 , 0 0 0  psia chamber p r e s s u r e ,  1OO:l expans ion  
r a t i o ,  5 . 7 5 : l  mix tu re  r a t i o  f o r  FLOX/Methane, and 2 . 7 : l  m ix tu re  
r a t i o  f o r  Compound A/MHF-5. The o v e r a l l  d imens ions  o f  a 1 , 0 0 0  
l b f  t h r u s t  eng ine  are abou t  1 6  i n  l e n g t h  and 9 i n  diameter .  
An 8000 l b f  e n g i n e  i s  approximate ly  6 1  i n  l e n g t h  and 31 i n  
diameter.  (These d imens ions  c o u l d  be reduced  by employment of 
e x t e n s i o n  b e l l  o r  a e r o s p i k e  d e s i g n s ) .  

4 

Engine t h r u s t  l e v e l s  o f  i n t e r e s t  r ange  from 1 , 0 0 0  
R e p r e s e n t a t i v e  p r o p u l s i o n  s y s t e m  data was 

Main eng ine  g i m b a l  i s  u t i l i z e d  f o r  p i t c h  and yaw 
a t t i t u d e  c o n t r o l  and small RCS t h r u s t e r s  f o r  r o l l  c o n t r o l .  The 
estimated g imbal  s y s t e m  w e i g h t  f o r  a 5,000 pound t h r u s t  eng ine  
i s  1 0  pounds.  T h e  RCS hardware n e c e s s a r y  f o r  r o l l  c o n t r o l  
i s  approx ima te ly  5 pounds.  An a d d i t i o n a l  5 pounds of  p r o p e l l a n t  
i s  r e q u i r e d .  Weights a t  d i f f e r e n t  t h r u s t  l e v e l s  are estimated 
by  p r o - r a t i n g  on a t h r u s t  basis .  
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9 . 1 . 2  P r e s s u r i z a t i o n  Sys tem (Refe rence  8 )  

P r e s s u r i z a t i o n  s y s t e m s  are s i z e d  i n d e p e n d e n t l y  f o r  ea r th  
s t o r a b l e  and space s t o r a b l e  s y s t e m s .  P r e s s u r i z a t i o n  p r i o r  to e n t r y  
i s  assumed t o  accommodate a b o r t  r e q u i r e m e n t s .  A s i n g l e  " fa l se  s t a r t "  
i s  a l lowed  f o r  ground p r e s s u r i z a t i o n  con t ingency  p r i o r  t o  a s c e n t .  
I n  t h e  two s t a g e  v e h i c l e  p r e s s u r i z a t i o n  sys tem,  stage 1 was s i z e d  
f o r  a s i n g l e  s t a r t  and s t a g e  2 w a s  s i z e d  f o r  two s ta r t s ,  assuming 
a s u f f i c i e n t l y  l o n g , c i r c u l a r  c o a s t  t i m e  t o  a l l o w  thermal e q u i l i b r i u m  
t o  o c c u r .  P r e s s u r i z a t i o n  was assumed t o  be  m a i n t a i n e d  d u r i n g  c o a s t .  
I n  t h e  s i n g l e  s t a g e  d e s i g n  the p r e s s u r i z a t i o n  s y s t e m  was s i z e d  f o r  
two s t a r t s  and c o a s t  similar t o  t h a t  o f  t h e  two s tage  veh iC le  
second s t a g e .  

Helium, s t o r e d  p a s s i v e l y ,  i s  employed f o r  ea r th  s t o r a b l e  
p r e s s u r i z a t i o n .  C o n t a i n e r  weight i s  s i z e d  by maximum 540°R (80OF) 
s t o r a g e  t e m p e r a t u r e .  FLOX/CHL, s p a c e  s t o r a b l e  p r e s s u r a n t  i s  Tr idyne  
O 2  t Hi!+ H e  c a t a l y t i c a l l y  i g n i t e d ,  s t o r e d  i n  t he  i n s u l a t e d  c o n t a i n e r  
a t  170°R.  P r e s s u r i z a t i o n  i n c l u d e s  5 p s i a  f o r  n e t  p o s i t i v e  s u c t i o n  
head (NPSH) ( t o  p r e v e n t  pump c a v i t a t i o n ) ,  4 p s i a  f o r  l i n e  l o s s e s ,  and 
3 p s i a  f o r  a c c e l e r a t i o n  l o s s e s .  

9 . 2  S t r u c t u r e s  

9 . 2 . 1  P r o p e l l a n t  Tanks 

T a b l e  5 and 6 .  I n  c a l c u l a t i n g  p r o p e l l a n t  volumes, 5% u l l a g e  was 
assumed f o r  ea r th  s t o r a b l e s  and 1 0 %  u l l a g e  f o r  space s t o r a b l e s  t o  
accommodate v a r i a b l e  d e n s i t i e s  o v e r  t h e  CLR t e m p e r a t u r e  r ange .  

P r o p e l l a n t  c o n t a i n e r  s i z i n g  f a c t o r s  are  summarized i n  

Proof p r e s s u r e  t e s t  i s  1 . 1 0  x [Maximum r e l i e f  v a l v e  
p r e s s u r e  t h y d r o s t a t i c  head] .  An a d d i t i o n a l  s a f e t y  f a c t o r  o f  1 . 1 0  x 
[p roof  p r e s s u r e ]  i s  r e q u i r e d  f o r  d e s i g n  t o  material y i e l d  stress.  
Design y i e l d  s t ress  f o r  aluminum i s  chosen as 55,000 p s i  w i t h  
. 0 1 0  i n  minimum gage. 

Maximum t a n k  o p e r a t i n g  p r e s s u r e  i s  a f u n c t i o n  o f  s e v e r a l  
f a c t o r s  i n c l u d i n g  s t o r a g e  vapor p r e s s u r e ,  o p e r a t i n g  vapor  p r e s s u r e ,  
NPSH and a c c e l e r a t i o n  and l i n e  l o s s e s .  Based on t h e  d e s i r a b i l i t y  
o f  m a i n t a i n i n g  f u e l  vapor  p r e s s u r e  a t  a minimum of  14.7 p s i a  d u r i n g  
p r e l a u n c h  and l a u n c h  s t o r a g e ,  ( s e c t i o n  5 . 1 )  t h e  s e l e c t e d  s t o r a g e  
t e m p e r a t u r e  i s  t h e  maximum a c h i e v a b l e  w i t h o u t  exceed ing  maximum 
o x i d i z e r  o p e r a t i n g  p r e s s u r e  o r  minimum p r o p e l l a n t  c o n t a i n e r  gage 
p r e s s u r e ,  whichever  i s  smaller. l 'hxhum s t o r a g e  vapor  p r e s s u r e  
i s  e q u a l  t o  maximum o p e r a t i o n  vapor  p r e s s u r e  p l u s  o p e r a t i o n a l  
p r e s s u r e  p e n a l t i e s  (NPSH, a c c e l e r a t i o n  and l i n e  l o s s e s ) ,  n o t  
a d d i t i v e  t o  vapor  p r e s s u r e  i n  t he  s t o r a g e  case .  

I d e a l l y  a s t o r a g e  t e m p e r a t u r e  i s  chosen t o  s a t i s f y  
b o t h  c o n d i t i o n s  s imul t aneous ly .  Otherwise, a t e m p e r a t u r e  i s  
chosen  t o  match t h e  "best" combina t ion  of  s t o r a g e  p r e s s u r e s .  
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For  compound A/MHF-5 t h e  optimum s t o r a g e  t e m p e r a t u r e  
i s  de te rmined  from the  vapor p r e s s u r e / t e m p e r a t u r e  c h a r t s  ( F i g u r e  
le) t o  be  77°F. Design t e m p e r a t u r e s  are  75°F and 7 2 O F  f o r  f u e l  
t a n k  compression and o x i d i z e r  t a n k  t e n s i o n ,  r e s p e c t i v e l y .  

Fo r  FLOX/Methane a maximum s t o r a g e  t e m p e r a t u r e  of  
l87OR i s  s e l e c t e d  which y i e l d s  a FLOX vapor  p r e s s u r e  of 67  p s i a  
c o r r e s p o n d i n g  t o  maximum o p e r a t i n g  p r e s s u r e  a t  178"R ( 5 0  p s i a  
vapor  p r e s s u r e ,  p l u s  NPSH,  a c c e l e r a t i o n  and l i n e  l o s s e s ) .  

The r e s u l t s  o f  these  d e s i g n  approaches  are  g i v e n  i n  
T a b l e  6 f o r  b o t h  c l a s s e s  of v e h i c l e s .  Note t h a t  i n  t h e  
Compound A/MHF-5 stages t h e  maximum du ty  c y c l e  p r e s s u r e  i n  a l l  
c a s e s  cbnforms t o  t h e  i dea l  p r e s s u r e  margins  w i t h  on ly  n e g l i g i b l e  
d i f f e r e n c e s .  The s i t u a t i o n  i n  t h e  FLOX/Methane p r o p e l l a n t s  i s  
s l i g h t l y  l e s s  f a v o r a b l e .  Here t h e  Methane t a n k  goes  i n t o  8 p s i a  
compression and i n  t h e  l a rge r  t a n k s ,  minimum gage o x i d i z e r  p res -  
s u r e  i s  exceeded.  A 20% f a c t o r  f o r  added s t i f f e n e r s  t o  m a i n t a i n  
compress ion  i s  assumed f o r  methane f u e l  t a n k s .  

Tank weights  are c a l c u l a t e d  assuming a 20% p e n a l t y  
f o r  weld l a n d s  and a t t achmen t s .  The t a n k  d e s i g n  p r e s s u r e s ,  
weights ,  and volumes are summarized i n  T a b l e  6 .  

9 . 2 . 2  I n s u l a t i o n  

E a r t h  S t o r a b l e s  - A p o t e n t i a l  problem o f  e a r t h  s t o r -  
a b l e  p r o p e l l a n t s  i s  MHF-5 f r e e z i n g ,  e s p e c i a l l y  l o c a l  i c i n g .  F o r  
t h e  pu rposes  o f  e s t i m a t i n g  i n s u l a t i o n  weight ,  i t  i s  presumed t h a t  
tne s p a c e c r a f t  i s  a t  t h e  mean t e m p e r a t u r e  of t h e  s u r f a c e  env i ron -  
ment (-45°F) and that  p a s s i v e  i n s u l a t i o n  on t h e  t a n k  and i n t e r -  
s tage  s t r u c t u r e  i s  t o  ma in ta in  p r o p e l l a n t s  w i t h i n  t e m p e r a t u r e  
e x c u r s i o n s  of t15OF. I t  i s  assumed t h a t  50% o f  t h e  heat  i n p u t  
i s  from supporEs and plumbing and 50% i s  from i n s u l a t i o n .  
I n s u l a t i o n  material  (non evacua ted )  i s  aluminum c o a t e d  po lyeure -  
t h a n e  foam w i t h  a d e n s i t y  o f  3 l b / f t 3  and a thermal c o n d u c t i v i t y  
e q u a l  t o  .007 BTU i n / h r  f t 2 " F  a t  1 5  p s i .  
we igh t s  are  g i v e n  i n  Table  7,  and are s o  low as t o  b e  a lmost  
i n s i g n i f i c a n t .  

C a l c u l a t e d  i n s u l a t i o n  

Space S t o r a b l e s  - The i n s u l a t i o n  c o n t a i n e r  i s  s i z e d  
f o r  a nominal s t a y t i m e  of two weeks, co r re spond ing  t o  d e s i g n  
h e a t i n g  ra tes  o f  4 4  B T U r s / h r  and 74 BTU's /h r  for 1 and 2 man 
stages,  r e s p e c t i v e l y  ( o b t a i n e d  i n  S e c t i o n  8 . 2 ) .  Half of t h e  
heat i n p u t  i s  assumed t o  pas s  t h r o u g h  heat s h o r t s ,  and ha l f  
t h r o u g h  t h e  i n s u l a t i o n .  Based on r e s p e c t i v e  1 and 2 man v e h i c l e  
areas ,  t h e  a l l o w a b l e  h e a t i n g  ra tes  f o r  b o t h  v e h i c l e s  a re  g i v e n  
i n  T a b l e  8 .  Assuming the  ave rage  t e m p e r a t u r e  of  t h e  landed  
v e h i c l e  t o  be 20°R above t h e  s u r f a c e  mean of  415OR, the  mean 
t e m p e r a t u r e  d i f f e r e n c e  i s  2 6 0 " ~ .  The r e q u i r e d  d e s i g n  thermal  
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c o e f f i c i e n t  i s ,  t h e r e f o r e ,  %5 x B T U / f t 2 / h r / O F .  A t  1 0  m b  
Mars s u r f a c e  p r e s s u r e  t h i s  performance i s  a c h i e v a b l e  w i t h  
evacua ted  p o l y u e r e t h a n e  foam spaced  aluminum c o a t e d  p o l y e s t e r  
r a d i a t i o n  s h i e l d i n g .  I n s u l a t i o n  c h a r a c t e r i s t i c s  of  t h i s  
m a t e r i a l  a t  15 p s i  and vacuum a r e  g i v e n  i n  Tab le  9 (Refe rence  11). 
Performance d e g r a d a t i o n  under a tmosphere p r e s s u r e  i s  shown i n  
F i g u r e  20 from whiqh t h e  1 0  mb  c o e f f i c i e n t  i s  e x t r a p o l a t e d .  

BTU-in/nr f t 2 " F .  Assuming a f a c t o r  o f  two d e g r a d a t i o n  from 
edge l o s s e s ,  a 2 i n c h  l a y e r  of i n s u l a t i o n  must be employed. 
Dens i ty  i s  1 . 6  l b s / f t 3  f o r  i n s u l a t i o n  and .03 l b s / f t 2  f o r  t h e  
vacuum b a r r i e r .  Based on these p r o p e r t i e s ,  i n s u l a t i o n  p e n a l t i e s  
a c c r u e d  on t h e  d e s c e n t  s t a g e  a r e  g i v e n  i n  Tab le  8.  I n s u l a t i o n  
a t  t h e  manned capsule / forward  s t a g e  i n t e r f a c e  cannot  b e  d i s c a r d e d  
a t  l aunch ,  and hence i s  charged as a n  a s c e n t  weight  p e n a l t y .  

Conduc t iv i ty  a t  1 0  m b  i s  e s t i m a t e d  t o  be 4 x 

A s  shown i n  F igu res  1 0  and 11 p r i n c i p a l  hea t  l e a k  
s o u r c e s  a r e  s t a g e  1 base s u p p o r t s ,  manned capsule / forward  s tage  
s t r u c t u r a l  t i e s ,  and in s t rumen t  u n i t / f o r w a r d  s t a g e  c o n n e c t i o n s .  
The a s c e n t  v e h i c l e  i s  suppor ted  a l o n g  stage 1 t a n k  e x t e n s i o n s  
by c i r c u m f e r e n t i a l  suppor t  cones t a p e r e d  t o - p o i n t s  a t  t h e  i n s u l a -  
t i o n  i n t e r f a c e .  The suppor t s  are des igned  f o r  a maximum l o a d i n g  
o f  1 0  g ' s  and employ glass f i b e r  t e n s i o n  t i e s  ( 2 0 0 , 0 0 0  p s i  
y i e l d )  t h rough  t h e  i n s u l a t i o n ,  w i t h  a thermal  c o n d u c t i v i t y  of  
7 BTU-in/hr f t 2 0 F  (Reference 11). Designing  t o  1 0 0 , 0 0 0  p s i ,  t h e  

2 t o t a l  s u p p o r t  c r o s s  s e c t i o n  ( t h r o u g h  t h e  i n s u l a t i o n )  i s  1 / 2  i n  . 
C o n s e r v a t i v e l y  assuming 2 i n .  e f f e c t i v e  s u p p o r t  l e n g t h  and a 
t e m p e r a t u r e  d i f f e r e n t i a l  o f  260°F a c r o s s  t h e  s u p p o r t s ,  t h e  h e a t  
i n p u t  i s  6 BTU/hr .  

Manned capsule / forward  s t a g e  s u p p o r t  p e n e t r a t i o n s  th rough  
t h e  i n s u l a t i o n  are a minimum gage glass f i b e r  t h r u s t  cone,  and 2 
a s c e n t  c a p s u l e  s u p p o r t s .  Redundant c a p s u l e  descen t  s u p p o r t s  are 
r e t r a c t e d  a f t e r  touchdown. For  4,300 l b f  f i r s t  s t a g e  t h r u s t ,  
and 1 , 5 0 0  l b f  second s t a g e  t h r u s t ,  t h r u s t  cone and s u p p o r t  
s e c t i o n s  a r e  minimum gage,  approx ima te ly  1 / 2  squa re  i n c h .  A s  
i n  t h e  p r e v i o u s  c a s e ,  heat l e a k s  can be l i m i t e d  t o  6 B T U / h r .  

Power, t e l e m e t r y ,  and w i r i n g  connec t ions  a r e  d i scon-  
n e c t e d  by  p l u g  removal du r ing  s u r f a c e  s t a y t i m e .  A l t e r n a t e l y  
t r a n s f o r m e r  gaps are employed t o  e l i m i n a t e  p h y s i c a l  c o n n e c t i o n s  
e n t i r e l y .  1 2  B T U r s / h r  i s  maximum a l l o w a b l e  heat leak r a t e  f o r  
a u x i l l a r y  p e n e t r a t i o n s  f o r  s t o r a g e  mon i to r ing .  
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Summing h e a t  i n p u t s  t o  t h e  one man s t a g e :  

I n s u l a t i o n  

SupGorts 

S t r u c t u r a l  Capsule/  
S t a g e  Connect ions 

Capsule/Stage Ins t rumen t  
Sys tems I n t e r f a c e s  

S i m i l a r  c a l c u l a t i o n s  f o r  t he  2 man s t a g e  a r e  obv ious ly  conserva-  
t i v e .  

9 . 2 . 3  I n t e r s t a g e ,  T h r u s t  S t r u c t u r e ,  and Base Heat P r o t e c t i o n  

I n t e r s t a g e  l o a d s  are  e s t i m a t e d  f o r  t h e  wors t  o f  t h r e e  
c o n d i t i o n s  : 

1. 19 g e n t r y  loading/manned c a p s u l e  suppor t ed  

2 .  3 g a b o r t  loading/manned c a p s u l e  unsuppor ted  

3 .  1 g a s c e n t / t h r u s t  l o a d i n g  

S t a g e  1 engine  t h r u s t  l o a d s  a r e  t r a n s m i t t e d  d i r e c t l y  
th rough  t h e  t a n k  s k i n s  minimizing u n p r e s s u r i z e d  s t r u c t u r e  e x c e p t  
between s t a g e s ,  and a t  t h e  s t a g e  c a p s u l e  i n t e r f a c e .  The t h r u s t  
s t r u c t u r e s  a r e  s t i f f e n e r  r e i n f o r c e d  and a r e  mounted d i r e c t l y  t o  
t h e  t ankage .  Base h e a t  p r o t e c t i o n ,  where r e q u i r e d ,  i s  p rov ided  b y  
b y  a b l a t o r  coa ted  honeycomb p a n e l s  f o r  which combined weight  of 
2 l b / f t  is a s s i g n e d .  2 

9 . 3  Equipment and I n s t r u m e n t a t i o n  

Based on p rev ious  s t a g e  d e s i g n s  a 1 0 %  d r y  weight  con- 
t i n g e n c y  f o r  equipment and i n s t r u m e n t a t i o n  i s  a c o n s e r v a t i v e  e s t i -  
mate ,  p a r t i c u l a r l y  i n  view of  major  t e c h n o l o g i c a l  advances such  
as i n t e g r a t e d  c i r c u i t r y  a n t i c i p a t e d  i n  t h e  nex t  s e v e r a l  y e a r s .  

9 . 4  Con t ingenc ie s  

sys tems backup and b y p a s s  components. 
20% of MEM s t a g e  d r y  weight  i s  a l l o c a t e d  f o r  small 

BTU' s / H R  

22 

6 

6 

12 - 
44 
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10.0 SPACE STORABLE REFRIGERATOR SYSTEM D E S I G N  

Miss ions  of g r e a t e r  t h a n  two week d u r a t i o n  must 
employ a c t i v e  s u r f a c e  r e f r i g e r a t i o n .  A r e f r i g e r a t o r  system 
c a r r i e d  on the  d e s c e n t  v e h i c l e  can be  u t i l i z e d  d u r i n g  t h e  
e n t i r e  mis s ion ,  or e s p e c i a l l y  p rov ided  f o r  o p e r a t i o n  d u r i n g  
t h e  p o s t  l a n d i n g  pbase. T h i s  cho ice  i s  s i g n i f i c a n t  as r e f r i g e r a -  
t i o n  sys tem s e l e c t i o n  and performance are s t r o n g l y  dependent on 
o p e r a t i o n a l  l i f e t i m e  r equ i r emen t s .  C o n s e r v a t i v e l y  assuming a n  
ex tended  l i f e t i m e  c a p a b i l i t y  g r e a t e r  t h a n  500 h o u r s ,  i t  i s  
e s t i m a t e d  i n  Reference  1 2  that  f o r  175°R(~1000K)FLOX/Methane s t o r a g e  
t e m p e r a t u r e ,  12-13 watts of r e f r i g e r a t i o n  (35-38 B T U ' s / h r )  can 
be s u p p l i e d  f o r  about  440  watts e l e c t r i c .  (The power/ temperature  
performance r e l a t i o n s h i p  i s  shown i n  F i g u r e  2 0 . )  With t h e  
i n s u l a t i o n  s y s t e m s  des igned  f o r  two week s t a y t i m e  p a s s i v e  s t o r a g e ,  
a 1 2  w a t t  ( a v e r a g e )  r e f r i g e r a t i o n  s y s t e m  can  ex tend  t h e  one man 
s t a g e  s t a y t i m e  i n d e f i n i t e l y  and two man s t a g e  s t a y t i m e  t o  o v e r  
1 month. I n c r e a s i n g  t h e  CLR t o  26OF from 1 4 O F  cou ld  e f f e c t i v e l y  
double  these s t a y t i m e s .  F o r  example a f a c t o r  o f  two improve- 
ment i n  i n s u l a t i o n  coupled w i t h  a 20°F CLR p r e s s u r e  v e s s e l  d e s i g n  
i n c r e a s e s  1 man-stage s t a y t i m e  t o  1 month. 

The d e s c e n t  s t a g e  p e n a l t y  f o r  an  a c t i v e  r e f r i g e r a t i o n  
s y s t e m  ( e x c l u d i n g  i n s u l a t i o n )  i s  l ess  t h a n  250 l b s .  Assuming 85% 
c o n v e r s i o n  e f f i c i e n c y ,  approximate ly  500 watts c o n s t a n t  power i s  
r e q u i r e d ,  or a 1 k w  daytime c y c l e  i f  s o l a r  c e l l s  are employed. 
Using solar c e l l s ,  performance on t h e  Mar t i an  s u r f a c e  i s  r a t e d  a t  
1 0 0  lbs/kw.  Allowing a 50% cont ingency  f o r  f i x e d  viewing a n g l e  
d e g r a d a t i o n ,  s o l a r  c e l l  weight  i s  150 l b s .  R e f r i g e r a t o r  weight  
f o r  a 24  watt s y s t e m  c o n s i s t e n t  w i t h  t h e  1 kw ave rage  power u n i t  
i s  approximate ly  80 l b s .  With 20 l b s  ( 1 0 % )  added con t ingency ,  
t o t a l  weight i s  250 l b s .  

11.0 MSS R/MEM COMMONALITY 

The MEM p r o p u l s i o n  system can  be u t i l i z e d  i n  a s s o c i a t i o n  
w i t h  an  unmanned Mars s u r f a c e  sample r e t u r n  (MSSR) payload  i n  
l i e u  o f  a manned c a p s u l e .  The o b j e c t i v e s  of such a mis s ion  are 
twofold :  

1. S c i e n t i f i c  - t o  d i s c o v e r  l i f e f o r m s  and de te rmine  pa th-  
o l o g i c a l  c h a r a c t e r i s t i c s  p r i o r  t o  manned l a n d i n g ,  and 

2 .  MEM Q u a l i f i c a t i o n  - t o  a c h i e v e  MEM r e l i a b i l i t y  by 
e x t e n s i v e  unmanned o p e r a t i o n  v i a  MSSR t y p e  m i s s i o n s .  

T a b l e 1 0  shows v e l o c i t i e s  achieved  by unmodif ied two s t a g e  ea r th  
s t o r a b l e  and s i n g l e  s t a g e  s p a c e  s t o r a b l e  v e h i c l e s  f o r  f i x e d  
4 2  l b  payload  d e r i v e d  i n  Reference 2 .  A l l  v e h i c l e s  ach ieve  
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I 

I ( s e c s )  x ; ros s Weight 
( I n c l u d i n g  Pay load)  SP 

700 l b s  344 .883 

1 , 3 0 0  l b s  348 .887 

v e l o c i t i e s  g r e a t e r  t h a n  3 1 , 0 0 0  f p s  s u f f i c i e n t  f o r  low energy 
c l a s s e s  o f  d u a l  and t r i p l e  p l a n e t  f l y b y  m i s s i o n s .  Higher  energy  
(or p a y l o a d )  m i s s i o n s  i n  t h e  36,000 f p s  t o  40,000 f p s  c l a s s  
r e q u i r e  an  added s t a g e .  Table 11 shows MEM l aunch  c a p a b i l i t y  
w i t h  t h e  added s t a g e  p l u s  payload g r o s s  weight  e q u a l  t o  t h e  
weight  o f  t h e  manned c a p s u l e .  Payloads  r a n g e  from 77 t o  2 1 2  
l b s  f o r  36,000 f p s  v e l o c i t y  and 27 t o  1 0 2  l b s  f o r  4 0 , 0 0 0  f p s  
v e l o c i t y .  Performancqe c h a r a c t e r i s t i c s  o f  t h e  added s t a g e  
e s t i m a t e d  from Tab le  1 are  summarized below: 

I s p  ( s e c s )  

400 

406 

1 E a r t h  S t o r a b l e  11 Space S t o r a b l e  

x 

.874 

.869 

1 2 . 0  RECOMMENDATIONS FOR FURTHER STUDY 

P r o s p e c t i v e  r equ i r emen t s  f o r  f u r t h e r  t e c h n o l o g i c a l  
r e s e a r c h  and development have i n  t h e  c o u r s e  o f  t h i s  s t u d y  been 
i d e n t i f i e d  i n  t h e  f o l l o w i n g  a r e a s :  

P r o p u l s i o n  systems - h i g h  performance 1-10 k l b f  t h r u s t  
e a r t h  s t o r a b l e  and s p a c e  s t o r a b l e  e n g i n e s .  

P r o p e l l a n t  hand l ing  - e a r t h  s t o r a b l e  and space  s t o r a b l e  
p r o p e l l a n t  packaging and s t o r a g e , e f f e c t i v e l y  u t i l i z i n g  
p r o p e l l a n t  CLR. 

R e f r i g e r a t i o n  systems - small ,  r e l i a b l e ,  l i g h t  weight  
r e f r i g e r a t i o n  systems o p e r a t i n g  a t  about  l O O O K  w i t h i n  
narrow ( i . e . ,  t 1°K) t e m p e r a t u r e  deadband c y c l e s .  

I n s u l a t i o n  and the rma l  i s o l a t i o n  d e s i g n  - d e s i g n  o f  
i n s u l a t i o n  j a c k e t s ,  and s t r u c t u r a l  s u p p o r t  and subsys tems 
i n t e r f a c e s  c o n s i s t e n t  w i t h  non-vented s t o r a g e  r e q u i r e m e n t s .  

S t a g e  d e s i g n  - development o f  common bulkhead  d e s i g n  
1 concept  for CLR s t o r a g e .  

Advanced mater ia ls  - i n v e s t i g a t i o n  o f  a p p l i c a t i o n s  f o r  
l i g h t  weight  composi te  materials f o r  u n p r e s s u r i z e d  s k i r t  and 
sh roud  areas.  



BELLCOMM. INC. - 2 2  - 

13.0 ACKNOWLEDGEMENTS 

The author should like to acknowledge and thank Messrs. 
C. Bendersky, R. Gorman, E. D. Marion, A. E. Marks, and 
J. J. Schoch for the invaluable consultation provided during 
the course of this study. Mr. Bendersky made extensive 
recommendations and inputs in the areas of propellant selection 
and propulsion systems. Messrs. Gorman and Marion were consulted 
in areas of refrigeration, thermal control and insulation systems. 
Mr. Marks performed extensive supporting analysis in propulsion 
systems selection and design. Section 9.1 is essentially a 
summation of a letter by Mr. Marks to the author which contained 
data on engine weight, attitude control, propellant residuals, 
and pressurization systems. Mr. Schoch did extensive trajectory 
analysis and tradeoff studies for initial thrust to weight 

1013-MHS-llf 

Attachments 



BELLCOMM. INC. 

REFERENCES 

1. Skeer, M. H., "Preliminary Sizing of a Mars Excursion 
Module Ascent Capsule Based on Mercury Design," Bellcomm 
Memorandum for File, September 25, 1967. 

2. Macchia, D., Skeer, M. H., and Wong, J., "Conceptual 
Design of Structural and Propulsion Systems for an MSSR 
Rendezvous Vehicle," Bellcomm Memorandum for File, August 
5, 1966. 

3. Schoch, J. J., Personal Communication with the author. 

4. Eilertson, W. H., Personal Communication with the author. 

5. Bosch, H. B., and Skeer, M. H., "Two-Stage Vehicle 
Optimization," Bellcomm TM-67-1013-3, July 18, 1967. 

6. Mirhaux, C. M., Handbook of the Physical Properties of 
the Planet Mars, NASA SP-3030, 1967. 

7. Bendersky, C., "Trip Report - West Coast Tour of Pro- 
pulsion Facilities in Support of Advanced Mission Studies," 
Bellcomm Memorandum for File, December 18, 1967. 

8. Marks, A. E., "Support Data for MINIMEM Design," Letter 
to M. H. Skeer, December 28, 1967. 

9. Investigation of Light Hydrocarbon Fuels with FLOX 
Mixtures as Liquid Rocket Propellants, Prepared for NASA 
by Pratt and Whitney Aircraft, N 65 35397, September 1, 
1965 

10. Schmidt, H. W., Handling and Use of Florine and Florine- 
Oxygen Mixtures in Rocket Systems, NASA SP-3037, 1967. 

11. Thermal Insulation Systems - A Survey, Prepared for NASA 
by Arthur D. Little, Inc., NASA SP-5027, 1967. 

12. Gorman, R., and Marion, E. D., "Trip Report - Environ- 
mental Control and Life Support System Discussions with 
McDonnell-Douglas and Garrett Air Research," Bellcomm 
Memorandum for File, December 29, 1967. 



z 
0 

I 





. 

m 
& 
0 

c 



I .  ESTABL I SH ATTITUDE 
AND F I X  ROLL 

\ 
2. RETRO I N I T I A T I O N .  

SENSING V I A  
ALTIMETER, 
ACCELEROMETER 
AND COMPUTER 

3. HEAT SHIELD 
SEPARAT I ON ,,/ 

4. SURFACE RENDEZVOUS AND 
TERM I MAL PHASE LAND I NG 
USING THREE BEAM 
ALTIMETER 

FIGURE U - MEM ENTRY SEQUENCE 



w 

I- 
p: 
4 
I- 
v) w 
p: 

I= 

a rn 
0 
V 

W 
E3 

I- 
rn 
a 

W 
cl 
4 
I- rn 
I- 
rn 
p: 

u- 
- 

u- 
0 

W 
0 
4 u- 
p: 

rn 

I- z 
W 
0 
cn 
U 
I 

m 



. 

h, = 100 NM 

V, = 11,450 FPS 

PO I NT 



Y 
0 
4 
I- 
C 
4 

L 
0 

W 
d 
c3 z 
4 

0 

W 
N 

a 

I 
I 
I 
I 
I 
i 
I 
I 
I 

n 
I 
0 
0 
I 
0 
v) 

w w 
I- 
v) 
0 

Y 

z 
z 
= 
I- a 

I i 
/ 

/’ 



I- z 
W 
0 
v, 
4 

W z 
0 

I 

OD 



FUEL 

SECTION A-A 

-7 THRUST STRUCTURE 

GIMBAL ACTUATOR- 

t 
A 

ENTRY 
SUP PORTS 

I 

66 " b 

MANNED CAPSULE \ 

OX I D I  ZER OX I D I  ZER 

, FUEL 

PSULE _ _  
STAGE 
SEPARATION PLANE 

-PRESSURIZATION 

- ROLL 

- STAGE 112 - 
SEPARATION PLANE 

STRUCTURE 
- I NTERSTAGE 

+ 
A 

-THERMAL SHROUD 
(STAYS WITH 
DESCENT VEH I CLE) 

-THRUST CONE 

ASCENT VEHICLE 
LANDER VEHl CLE 
SEPARATION PLANE 

~- 

- ROLL L S T A B I L I Z I N G  FLARE 

FIGURE 9 - TWO MANlEARTH STORABLE MARS ASCENT VEHICLE 



f 

G 
AC 

MANNED CAPSULE \ 

OX I D I ZER ‘“L 0x1 D IZER 

/-- 
/ 

PRELAUNCH DISCONNECT 

PRESSURIZATION 

S E P A R A T l o n L A N E -  

THERMAL SHROUD 
(STAYS WITH 
DESCENT VEH 1 CLE) 

OXIDIZER FEED 

ASCENT VEH ICLE 

SEPARAT I ON PLANE 
LANDER VEH I CLE 

- - 

ENTRYlLAUNCH SUPPORTS 

PRELAUNCH D I SCONNECT 

FIGURE IO - ONE MAN/SPACE STORABLE MARS ASCENT VEHICLE/TWO STAGE DESIGN 



PRESSUR 

STAGE 112 
SEPARATI 01 

ZAT I ON 

ROLL 

PLANE 

GI MBAL ACTUATOR 

STORAGE 
SUPPORT 

S T A B I L I Z I N G  
FLARE 

G I MBAL 
ACTUATOR 

PRELAUNCH 
DISCONNECT f 

n- 

e 

OXlD 

w 

1 I 

h> SEPARATION PLANE 

THRUST STRUCTURE 

PRESSURIZATION 

INTERSTAGE 
11111 I STRUCTURE 

ASCENT VEHICLE 3 LANDER VEHICLE 
SEPARATION PLANE 

ENTRYlLAUNCH SUPPORTS 
(RETRACTABLE) 

PRELAUNCH D I  SCONlECT 

FIGURE 1 I - TWO MANlSPACE STORABLE MARS ASCENT VEHICLE/TWO STAGE DESIGN 



SECTION A-A 

i A 

STORAGE - 
SUPPORTS 

THRUST 
STRUCTURE -- 

G I MEAL 
ACTUATOR- 

O X  I D  I ZER FEED - 

I 64" 

MANNED CAPSULE 

P- 
FUEL 

/- - *  

// 

OX I D  IZER 

w 

1 

FUEL 

/--. 

OX I D  IZER 

FUEL 

\ 
I- - - 

\ 

ZER OXlD  

CAPSULE -- .- 
STAG E 
SEPARAT I ON PLANE 

- PRESSUR I Z A T l  ON 

-FUEL FEED 1 A 

- INSULATED STORAGE 
CONTAI MER 
( STAGE WITH 
DESCENT VEHICLE) 

+THERMAL SHROUD 
( STAYS W I TH 
DESCENT VEHICLE) 

-ROLL 

- S T A B I L I Z I N G  FLARE 

ASCENT VEHICLE 
LANDER VEHICLE 
SEPARATION PLANE 

ENTRY~LAUNCH SUPPORTS 
( RETRACTABLE) 

PRELAUNCH D I SCONNECT 

FIGURE 12 - ONE MANlSPACE STORABLE MARS ASCENT V.EHlCLE/SlNGLE STAGE DESIGN 



STORAGE 
SUPPORTS 7 
THRUST 

STRUCTURE 

ROLL 

O X  I D I  ZER FEED 

/ 

G 
AC 

1 MANNED CAPSULE 

\ / 
\I- CAPSULE 

F IGURE 13 - TWO MANlSPACE STORABLE MARS ASCENT V E H I C L E / S I N G L E  STAGE DESIGN 



4 30 

410 

3 50 

F LOX/CH ,, 
f c  = 1000 PSlA 
MR = 5.75 

COMPOUND A/MHF-5 
P, = 1000 PSlA 
MR = 2.7 

IO0 

FIGURE 14 - EST 

IO 

ENGINE THRUST, io3 LBS 

MATED PROPELLANT PERFORMANCE AS A FUNCT ON OF THRUST 



I YO I 6 0  

600 

a 
0 
c3 
W 

3 0 0  
- 

4 
v) 
n. 

W 
oz 
=3 
v) 
v) 
W 

p. 

e 
0 
p. 
4 
w 

- 
.. 

a 

I 
. 8  

. 6  .I 
m 2  t 

TEMPERATURE O R  

180 187 200 220 240 280 280 
1' 

I C  
I 
I 
I 
I 
I 

oz 
0 
Q '  R " 1  2 

I 
I 
I (  
I 

FLUOR1 NE - 
I 
I 

/ 

' METHANE 

/ FREEZING POINT 163'R I 

10.0 

I f  I I I I -- -..I. 
80 IO0 I20 140 I 6 0  

. I1 

1 EMPEilAYii6 E, i 

FIGURE 15 - VAPOR PRESSURE OF L I Q U I D  METHANE FLUORINE AND OXYGEN 



W 
L 
4 
I e w 
I 
L 
0 

C z 
W 
0 a w 
P, 

c 
I w 
W 
3 
- 

0 

.. 
w 
I- 
O 
L 

do - 3dnlVd3dW31 lNlOd 9N1233W 



700 

600 

50C 

I l l  I I I 1 1 I l l  1 I I I I I 

0 IO  

ENGINE THRUST, i o 3  LBS 

FIGURE 17 - ESTIMATED ENGINE WEIGHT AS A FUNCTION OF THRUST 

I 



L 

- 
- 
- 

- 

100 
90 
80 - 
70 - 

- - 

- 
- 

MHF-5 

I 
I 
I 

+2OF DEADBAND 

I I I I I I 
110 80 I20 160 200 240 1 

TEMPERATURE, OF 

FIGURE 18 - EARTH STORABLE VAPOR PRESSURE TRADEIF 



IO00 

100 

ia  

I 

0. 1 I 

0.01 

I I I 1 I I 1 I 1 I 
0.2 0.4 0.6 0.8 1.0 

ALUMINIZED POLYESTER F I L M  
WLYURETHANC FOAM 

/- ALUM IN IZED POLYESTER FILM 
POLYURETHANE FOAM ( I I PERCENT SUPPORT) 1 

RANGE OF HEAT FLUXES AT 
NO EXTERNAL COMPRESSION 

I I I I I 1 I 1 
0 2 u 6 8  10 12 IU 16 

COMPRESS I ON 

FIGURE 19 - EFFECT OF MECHANICAL LOADING ON THE HEAT 
FLUX THROUGH MULTILAYER INSULATIONS 



u) w b 0 0  -moo0 d O b N b - u )  

. .  . . .  
-N C;;u)wrc 

W 

2 

z 
(I 

m 
W 

- 
n 

1 
N 
/ 



h 

v) 
m 
d 

0 
0 
*) - 
v 

I- 
I 
W 
0 
v) 
4 

z 
4 
I 
0 
3 
I- 

- - 

- 
v) 
m 
d 

8 
h 

I- z 
W 
V rn 
4 

4 
I 
W z 
0 

Y 

z 

1 8 Z : X  
m - -  - -  f O  

W N  . c n  
m t -  ; 

0 
0 z m -  - 

8 c3 

N O  m w  
. O D  

W Q D  

rn u 
c v) 

PI 
W c 
0 
4 
p: 
4 
I 
V 

W 
-1 
V 

I 
W > 
LL 
0 

a- PI 
4 
I 

- 
- 

- 

3 
v) - 
W 
d 
m 
4 
I- 

8 - 
O N  

c n m  
g E? E l  m o  m w  

w j  
. -  

I n 0  
QD 0, 
- 0  m j  0 

0 -  
f Q  

cn 5. - N  

8 

- .  m h o  m 0 
t- O h  
m 5- - 0 1 0  - 
I 

0 o m  
w c n  

cn 

0 
r .  

In 0 o m  o m 0  m l n -  N m m m  N o j -  

0. 
LL c 

4 L C T  
z- 3 n  
z 

-4 
0-PI  
--I- 
I-n 
4 C T  
m o o  

0- 

nrn 

w o n  PT-zn 
a u w  
x n o  
I L L L O  

I - A  

- ow 0 

v) 
W 
W 
4 c 
v) 

U 
0 

W 
m 

3 z - 

I- ra 
PI 

LL 
- 
z 
0 



v, 
e 
0 
I- 
O 
4 
LL 

* 
I- 
w 
I- 
v) z 
W 
v) 

W 
W 
4 
I- 
v, 

I 

cy 
LL1 

m 
4 
I- 

- - - 

cy- 

IA 

w 4  
u c  

- 
a 

v a  

% 
- 
I- z 
W 
0 
v) 
4 

0 
cy 
cy 

W 
A m 

1 4  
+a eo 
UI- 
W v )  

N O  
a o h  
-=t 
. .  

cy- 

z 
4 
I 

P 

~ 

I- z 
W 
0 
v) 
4 



TABLE 9 STAOE WEloHT BREAKOOIIII 

VEHICLE ONE MAN ASCENT (700 LBS) 

~ 

Tya MAN ASCENT (1300 LBS)  

PROPELLANT COMPOUND AlW COMPOUND A / M  FLOX/NETHANE 

STAGES 2 2 2 I - 
2 

- 
2 - 
I I 3  

(16.3) 

8.0 

2 

0.3 

4 

1 

! '19.6 ) 

34.2 

4.11 

3 

6 

2 

(14) 

I I  

3 

22 

8 

3 

70 I 

.870 

,861 

- 
I 

- 
I STAGE NUMBER I - 

448 

(34.2) 

26.6 

5 

2 

0.6 

- \  

(225 .4 )  

167 

21.4 

0 

16 

I?  

(53) 

Y4 

88 

V I  

E 

5852 

.930 

,929 

- 

I 

302 

(39. I) 

27.8 

5 

2 

4.3 

(130.6) 

92 .6  

I C . ?  

6 

9 

7 

139) 

33 

6 

66 

21 

6 

3453 

.910 

.92c 

43 

2 - 
159 

(15.5) 

9.6 

F 

0.6 

0.3  

2 

(81. I) 

60 

8. I 

7 

7 

3 

( 18) 

19 

4 

28 

I9 

3 

1271 

.a90 

.889 

- 

I 

395 

(42.0) 

34.4 

5 

1 

0.6 

( l Y . c . ~ !  

iun 

1 2 . 1  

7 

I?  

a 

( 4 9 )  

uz 
7 

84 

31 

7 

4332 

,910 

,916 - 

1 

I59  

[ 17. I) 

10.8 

3 

0.6 

7 

2 

1 7 5 . 5 )  

57.1 

5.7 

1 

2 

(19) 

15 

u 

30 

13 

3 

I102 

,880 

92 

TABE DRY WEIGHT (LBS)  

EIGHT SUMMARY 

TRUCTURE 

TANKS 

INTERSTAGE 

THRUST STRUCTURE 

INSULATION 

3ASE HEAT PROTECTION 

'ROPULSION SYSTEM 

ENGINE 

PRESSURIZATION SYSTEN 

RCS 

ENkINE ;1*13AL 

284 

(23.4) 

17.9 

4 

I 

0.5 

(131.9) 

102 

12.9 

5 

10 

7 

(37) 

32 

5 

64 

I8  

5 

3215 

.920 

.919 

102 

(11.0) 

6.4 

2 

0.3 

0.3 

(50.6) 

34. 2 

5.4 

3 

6 

2 

(12) 

9 

3 

I 8  

7 

3 

765 

.8BO 

.E83 

262 

(27.4) 

21.9 

9 

I 

0.5 

(121.0) 

91.4 

9.5 

5 

9 

K 

( 3 3 )  

28 

5 

56 

20 

5 

25YE 

.900 

.w7 

F I L L .  FEED. DRAIN I 
VEN- SYSTEMS 

)U I W E N T  6 I HSTRUMENTAT IO1 
CONTROL SYSTEM ELEC- 
TRONICS. ECS. MEASUR- 
ING I TELEMETRY 
SYSTEMS CONTINGENCY 
( I O  OF DRY WEIGHT) 

SEPARATION SYSTEM 

0ITIN:EHCY I RiDUN- 
ANCY ALL W A K E S  
20' OF C R Y  d E l F H T )  

ESICUALS L RESERVE 
ROPELLANT 

ROPELLANTS 

RCS PROPELLANT 

CSEL3LE PIOPSLLANI 

ISULATION WEIGHT 
'I LESCENT STAGE 51 
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c INSULATION CHARACTERISTICS 

CONTAINER AREA (FT’) 

REQUIRED INSULATION 
PERFORMANCE ( BTU/HR OF F T ~ )  

WEIGHT (LBS) 

TABLE 8 - SPACE STORABLE 6r INSULATION WEIGHT AND PERFORMANCE REQUIREMENTS 

‘ TWO STAGE SINGLE STAGE 
COMMENTS 

1 MAN 2 MAN I MAN 2 MAN 

I711 315 I 1111 2711 

TWO WEEK STAYTIME 
11. 9x I O  - y  4 . 5 ~  I O - u  5 . 9 ~  IO-& 5 . 2 ~  IO’v ASSUMING 50% HEAT 

LEAK LOSS 

CHARGE TO DESCENT 
STAGE EXCEPT FOR 
FORWARD CAPSULE 
INTERFACE 

51 92 113 81 
I 

TABLE 9 - SPACE STORABLE AND I NSULATI DN CHARACTER I ST I  CS 

RADIATION SHIELDS: .00024-IN-THICK ALUMINUM COATED POLYESTER 

POLYURETHANE FOAM: 3 LB/FT3 DENSITY 020 I N  THICKNESS 

NUMBER OF SHIELDS/IN: 151 

PROPERT I ES AT OPTIMUM DENS I TY (VACUUM) : 

APPARENT THERMAL CONDUCTIVITY I . O  x I O - y  BTU/ lH/HR 

DENSITY 1.4 LBS/FT3 

F T ~  OF 

PROPERTIES AT 15 PSI COMPRESSION: 

APPARENT THERMAL CONDUCTIVITY 68 x IO’y BTU/lN/HR FT2  OF 

DENSITY 3.0 LBS/FT3 



9 

35,900 ON E 
MAN 

37,700 TWO 
MAN 

TABLE I O  - 42 LB PAYLOAD MSSR VELOCITY ACHIEVED BY UNMODIFIED 
MEM PROPULS I ON SYSTEM 

31,200 

33,000 

1 SPACE I 

EARTH STORABLE 
PROPELLANT (THREE STAGE) 

36,000 FPS U0,OOO FPS 

77 27 ONE 
MAN 

I5U 60 TWO 
MAN 

i 

SPACE STORABLE 
(Two STAGE) 

36,000 FPS U0,OOO FPS 

I02 U6 

212 I02 

TABLE I I - PAYLOAD TO 36,000 FPS AND 40,000 FPS WITH ADDED 
STAGE ON MEM 


